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PHILOSOPHY. 


JANUARY, 1825. 


Article I. 

Alemoir illustrative qf a general Geological Map of the prmdpal 
Mountain Chains of Europe. By the Rev. W. D. Conybeare, 
FRS. &c. (With a Plate *) 

(To the Editor of the Annals of Philosophy.) 


SIR. 

So rapid has been the progress of geological science within 
the last ten years (since its cultivators, abandoning the idle endea- 
vour to constritct theories without data, have confined them- 
selves to the only true path of philosophy, that of inductive 
observation), that while at the beginning of this period, amidst 
volumes of speculation, no accurate description of a single coun- 
try could be found, a physical map of the entire extent of 
Europe may now be confidently anticipated at no distant day. 
The fabours of Buckland, Ebel, Freisleoen, Raumer, and more 
especially the highly important work of Beudanti“ on Hungary, 
and the memoir of Mr. Strangways on Russia, have alreaay 
accumulated a vast store of valuable materials, to which a few 
months will probably add a geological map of France by Oma- 
lius d’Halloy, and of Germany by von Buch together, as it is 

* The map is partly copied from one in Ebers Ban die Erde. 

ir This is at present known in this country only by a few unconnected extracts ; a 
full analysis ought to be given in some of our scientific journals. I have no hesitation 
in pronouncing it the most important geological work which continental science has y9t 
produced. 

t While this memoir was passing through the press, I have rec^ve^ the four fiiit, 
numbers of a very able geological work now pulnishing periodically in, Geniia.Ay by 

New Series, vol. v. ^ b * 


I* 4 Rev^ W, D. Cony heart on a Geological Mctp of [Jam. 

ratively low, the secondary formations (those at least which suc- 
ceed the carboniferous series), are nearly horizontal, and appear 
to have suffered little derangement, with a few local and limited 
exceptions, such as are presented the vertical chalk, &c. of the 
Isle of Wight. The distinction, therefore, of inclined and hori- 
/:c!iflub\pr floctz* rocks, does not express any inherent character 
in the rOcks themselves, as deducible from their relative anti- 
quity (any further than that the phenomena must induce us to 
consider the primitive chains as the scenes of the greatest and 
most general convulsions), but it depends merely on the circum- 
stance of contiguity to the principal chains. 

On the importance of these observations to geological theory, 
and the support they afford to the hypothesis of the elevation of 
the mountain chains, it is needless to insist. 

I proceed to trace these principal chains in order, beginning 
from the north. 

(A.) Finland and Scandinaxna, 

These countries, though not included in the map, must yet be 
noticed, in order to convey a complete idea of the chains bound- 
ing the great central basin of Europe. 

They are almost exclusively occupied by primitive rocks, 
among which gneiss predominates, and characterises the lowest 
members. Granite is of less common occurrence, and alternates 
. with the gneiss. Mica slate succeeds, on which granite again 
reposes. Transition rocks, principally limestone, containing the 
same organic remains witn that of Dudley, in Staffordshire, 
skirt the primitive district on the southern shore of the gulf of 
Finland, in the Baltic islands of Gothland, Oeland, and Born- 
holm, and in the Scandinavian provinces of Gothland, Dalecarlia, 
Nerike, Jemtland, and the vicinity of Christiania ; in the latter 
locality, a plienomenon of the greatest geological interest occurs ; 
for here the transition limestone is covered by old ? red sand- 
stone conglomerate, on which reposes a porphyritic formation of 
various character, passing at one extremity into decided granite, 
possessing all the characters of that formation ; and on the other, 
into basalt and wacke equally well marked. This repetition of 
granite as a comparatively recent formation covering those of 
transition, and its association with rocks, to which a great and 
increasing majority of geologists (increasing, it may be added, 
with the extension of the science itself, and almost with its 
existence as a science of accurate ’bbservation), concur in 
assigning an igneous origin, is one of the most important facts yet 
contributed towards the foundation of a secure theory. 

* It has been objected to my remarks on the term floetz, as synonymous with hori- 
zontal, that it is really synonymous with stratified. I cannot, however, apprehend that 
it is used in the latter sense by the Wernerians ; since in this case I must suppose them 
to apply as ^ distinguishing epithet to the secondary series, a character equally belong- 
ing to the majority of transition dhd primitive rocks; an absurdity which 1 do not wi^i 
tOAinpute to them. 



5 


1823.] tlte principal Mountain Chains of Europe. 

( b . ) Scotland — Ireland— England. 

The chains traversing the Shetland isles and the Scotch high- 
lands and Hebribes, may be, •perhaps, regarded as continuations 
of the Scandinavian range. 

Mica slate is here the predominant rock : granite, ho^vavcV,, 
forms the nucleus of several mountains. The phenomena exhi- 
bited by the junctions of the granite, and the veins sent ofFby it 
into the incumbent rocks, have been here minutely studied, and 
accurately described. The only writers who have yet given 
precise accojints of this district (Drs. Mac Culloch and Bone), 
concur in favouring the hypothesis which ascribes to the granite 
an igneous origin.^' 

A very narrow zone of •transition slate separates this chain 
from the great central valley of Scotland occupied by the carbo- 
niferous series. 

Tlie highland chains of mica slate after expiring against the* 
Irish channel in the peninsula of Kirtire, appear to be resumed 
on the opposite side in the north-east angle of Antrim ; and 
though concealed for an interval by the overlying rocks of the 
basaltic area, re-emerge beyond them in the west of Derry, and 
occupy nearly the whole of Donegal, the structure of these 
countries exactly corresponding with that of the Scotch high- 
lands. Donegal Bay for a time interrupts the continuity of the 
chain; but beyond that Bay, the primitive mountains of Sligo,* 
Mayo, and Connemara, or Western Galway, must be regarded 
as its prolongation, 

A second chain of mountains parallel to the former traverses 
the south of jj^cotland skirting on that side the great carboniferous 
valley, and forming the natural boundary between this country 
and England. It is known by the name of the lead hills in its 
central and highest part; the Pentlands, &c. forming branches of 
it. It consists principally of transition slate, through which gn>- 
iiitic nuclei emerge in several groupes; and may be characterised 
from the northern chain by the absence of mica slate. 

This chain also may be traced in its prolongation on the oppo- 
site coast of the Irish channel ; its abrupted ends appearing on 
each side of the usual passage across that channel from I^ortpa- 
trick to Donaghadee. In Ireland it extends from Down, into 
Longford, retaining the characters already mentioned ; the 
Mourne Mountains, a granitic nucleus, here constitute its prin- 
cipal summits. 

The southern chains of Ireland may be more conveniently 
enumerated after those of Wales. 

The small group of mountains containing the lakes of West- 

* I desire to be here considered as only faithfully reporting the opinions of others, 
although I readily acknowledge myself strongly influenced by the concurrent testimony 
of almost every late and minute observer of such districts, and can hardly record 'their * 
•vidence without feeling myself convinced by it. 
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moreland and Cumberland is the next which jlresents itself in 
advancing to the south. Granite is here of confined and limited 
occurrence ; various rocks of the greenstone family and transi- 
tion slate predominate ; transition limestone occurs associated 
with the slate. 

* ^central chain of the Isle of Man lying midway between 

this group and ’the Irish coast is also composed principally of 
transition slate. 

The mountains of North Wales, including the northern half of 
South Wales, are like those of Cumberland, composed of transi- 
tion slate, and many varieties of greenstone rocks. 

The Isle of Anglesea presents, in addition to these, chlorite 
slate, serpentine, quartz rock, and^ granite. The granite is 
described by Mr. Ileiislow, who has ^given a most elaborate and 
interesting account of this island as presenting the strongest 
evidence of igneous origin ; and having been formed, in one 
instance at least, by the fusion of old red sandstone insilu. 

A zone of transition limestone skirts the east of the Welch 
chains in their course through Shropshire. 

On the south-east of the Welch chains lies the detached 
group of the Malvern hills, consisting of a protruding range of 
sienitic rocks flanked on the west by transition limestone, dip- 
ping rapidly in that direction, and appearing, according to Mr. 

. ilorner, as if elevated by the protrusion of tlie sienitic mass on 
which they rei>ose. 

In the contro of England another group of sienitic and green- 
stone rocks sUirts up hi the midst of the secondary deposits con- 
stituting the ranges and tors of Charnwood Forest, in keicester- 
sliinj. The coal measures, &c. in approaching tins group, nw. 
much disturbed and elevated, Souie slate rocks here accompany 
the siciiite. 

The coasts of Ireland opposite to the Welch, to which we may 
next ]m)cced, present in the Wicklow mountains a fuller develop- 
ment of the usual primitive series, mica slate, gneiss, &c. than the 
chains last described. The granite here forms lower mountains 
j)rincipally on the western side of the chain, and extends into the 
jdains at their base, mica slate constituting the loftiest summits. 
TraJisition slate, greenstone, and quartz rock, occur on the east- 
ern border. This chain prolongs itself to the south-west throiigli 
Wexford, Cork, and Kerry, where it skirts the lakes orKillarney, 
but in the two latter counties, transition rot ks alm(.>st exclusively 
occupy it. Through its whole extent it forms a zone running 
parallel to the south-eastern and southern coast of Ireland ; aiul 
it is a remarkable circumstance, that many rivers rising beyond 

♦ I now use the tcrm^only as a j’jencral ilescription of an extended class of rocks in 
C-ader Idris, the Arrans, &c. and do not enter info the more minute details lately puh- 
lisl^cd in the Anmtlx concerning the i^nowdonian range. 
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^ this zone in the tiilerior cross its chains by transverse valleys in 
^order to reach the sea. Such is the condition of the Barrow, 
the Suire, and the Black water. 

TJie veins branching off Horn the granite of the Wicklow 
mountains are well displayed on the coast. 

The eastern portion of these chains has been excellently, 
described by Mr. Weaver. 

The Ocrinian chain of Devonshire and Cornwall, is the last 
which remains to be noticed in the British isles. It extends 
from Exmoor to the Land’s End. It exhibits, 1. A series of 
granitic nuclei, of which the loftiest and most extensive is the 
mountain plain of Dartmoor. The granite ramifies into the 
incumbent slates, and the slate for a short distance from its 
junction assumes an appeilrance approaching to gneiss, which 
the Hiittonians have considered as an alteration induced by the 
contiguity of a heated mass. 2 . Slates of a doubtful character 
and a^ra (that is, whether primitive or transition) succeed,* 
abounding in metalliferous veins, and traversed by porphyritic 
dykes. 3. Slates decidedly of transition associated with granu- 
lar greywacke, transition limestone and greenstone occupy the 
exterior of tlie groupe. Serpentine rocks also occur (m one 
tract very extensively) probably as members of the decided tran- 
sition series. The Ocrinian chain, like those of England gene- 
rally, is destitute of gneiss and mica slate. 

Jaiiidy Island, situated opposite the northern coast of this ’ 
cliaiii ill the middle of the Bristol cliamiel, is a mass of granite 

(CJ.) Noniian Isles, and North Western France, 

The Normtin isles, which may almost be considered as a con- 
necting link betv/ecii tbe similarly constituted countries of Corn- 
wall and the Cbteiitiii, are principally granitic. 1. Guernsey 
presents granite and granitelle in the aortlieni, and gneiss in tbe 
southern division. 2. Jersey in its iiigher and northern tract 
consists of granite, in its southern and lower of slate reposing on 
it. 3. Alderney inis on tlie south-west clifi's of porphyry, on the 
north-east low shores of a grit forine<l Iroin granitic detritus. 
4, Screq exhibits trap roe.ks on the west, and siiaiite on the 
south. — (See account of these isles by Dr. P»lac (ailloch,* Geul. 
Trans, vol. i.) 

Chains of liretffu'iie and /a/ Vendee, — 'fhese appear in the 
ntiturc of their cou,-)tit,aent rocks and nuital life runs deposits to 
bear a near resenii)laiice to liie Cornish cliains. In the Cotent in 
the granite appears in some ])laces decidedly to rest upon the clay 
slate; both these rocks a/icntaling witli quartz rock, pinphyry, 
and sicnite. Much, if not all, of this clay slate is evidently that 
of transition ; in the shalls of the argentiferous; lead mine of Jluel 
Goat tercbruhil;e (spirifera' ?)have been found in it, and at Angers, 
trilobltes occur. In l/a Vendee, thc^ granitic rocks* appear to * 
predoiniuate. A line dravvp from Cherbourg by Aleiicoii, 
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Angers^ and Fontenay, to Sables d’Olonne, Will indicate the 
eastern boundary of those chains which extend westward to the 
Atlantic. The Loire, however, br^iaks through their line in its 
course to the sea, and where they open to give it passage, a small 
coal basin reposes against them. 

(D.) Central Group of France, 

The primitive rocks, after plunging for a short interval beneath 
the secondary calcareous beds, reappear in great force in the 
central regions of France, constituting an extensive body of 
mountains, sending out various ramifications between the 
sources of the Loire, the Garonne, and their tributary streams, 
being bounded on the east by the Rhone ; and occupying the 
greater portion of the departments, tilautc Vienne, Creuse, Cor- 
reze, Puy de Dome, Cantal, Loire, Haute Loire, Rhone, I.ozerre. 
^Viewed generally, this group presents a vast inclined plain rising 
gradually from NE to SW, in which last direction is its 
principal and highest chain, that of the Cevemies. Granite 
IS the predominant rock in this vast mountain plain, slates 
appearing to be of rare occurrence. In the departments Puy de 
Dome, Cantal, Haute Loire, and Ardeche (including the ancient 
districts of Auvergne Forez Velay, and Vivarais), ridges and 
conical peaks of basalt, of Trachyte, and of volcanic scoriai, are 
. superimposed on the elevated granitic plain, and constitute the 
loftiest summits of this group. Similar peaks are also scattered 
over the more recent deposits contiguous to the primitive chains. 
Many of these peaks contain regular craters, and streams of 
undoubted lava may be traced from them. Many of the valleys 
descending from this mountain group contain deposits belonging 
to the coal formation reposing against the primitive chain, 
sometimes also the tertiary deposits from upfillings in the valley. 
The north-eastern branch of these ridges (called the Beaujolais 
mountains) extends between the Loire and the Rhone as iar as 
the district of Morvan on the north of Autun, where the oolitic 
chains of the Cote d’Or overlie and abut against the granite. 

The chains above described approach on the SE towards the 
Pyrenees, leaving but a narrow interval along which the great 
Canal de Languedoc is conducted ; but on the SW, the broad 
basiii of the Garonne is interposed between them, exhibiting the 
regular series of secondary formations, from the new red sand- 
lone to the tertiary beds. 

(E.) Pyrennees, 

The Pyrennees consist, according to Raymond, of five parallel 
zones ; namely, a central zone of granite bounded by two schis- 
tose zones, which are in turn succeeded by the exterior calcare- 
ous chairvg ; the granitic axis, however, does not, as is usual in 
mountain chains, form tlie loftiest crest ; but, though towering 
above the collateral chains on the side of France, is itself over- 
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topped by the Ichistose, and still more by- the calcareous baud 
on the side of Spain ; the latter forming the Tours de Marbore, 
Mont Perdu, and all the loi'tiest summits of these mountains. 
What renders this circumstance more remarkable is, that this 
limestone appears from its organic remains, (Echini and Alcyo- 
nia), to be ot comparatively recent formation. The specimens I 
have seen approach nearly to those varieties* of the younger 
alpine limestone now generally considered as coeval with the 
green sand formation of England. I have been favoured with 
the sight of a very interesting letter from Dr. Bouc, who has 
recently examined this chain; he observes that it is entirely 
transition (transition slate and limestones, and marie), through 
which, in various places, granitic masses protrude, occasionally 
surrounded by gneiss and mica slate ; these latter rocks appear- 
ing as they recede from the granite to pass into clay slate. He 
adds that the various phenomena which have been alleged ir> 
proof of the igneous origin of granite (granitic veins, fragments 
of slate imbedded in the granitic masses, the elevation, contor- 
tion, and dislocation, of the slates, together with their altered 
character near the point of contact, &c.), are here displayed on 
the most remarkable scale, and with a clearness of evidence 
nearly amounting to demonstration. He is even of opinion that 
the slates called primitive may, in this instance at least, have 
been only transition slates altered by the igneous influence ; the* 
transition limestone, in like manner, becomes converted into 
granular limestone in approaching the granite. Great dykes of 
greenstone and syenite also traverse the slate ; when these are 
large, the limestones are in the same manner altered by their 
contact, and" may be seen at Pousac elevated and supported by 
them. On the north of the Pyrennean chain old red sandstone 
and traces of mountain limestone occur, succeeded by new red 
sandstone with salt springs. 

(F.) Chaim of the Middle EhinCy or the Vosges y the Black Forest, 
the Jiergstrussey or Odenwald, and the ISpessarl, 

Were we to pursue the course of the great chains forming the 
general boundary of the grand European basin, we oughtj^in the 
next place, to proceed to the Alps ; out within the limits of this 
basin there are several protruding primitive groupes, skirting in 
places the course of the Rhine, and effecting a kind of subdivi- 
sion between that part of the basin which lies in Northern 
France, and that of Central Germany. The first of these pro- 
truding groupes to be noticed are those which skirt the opposite 
sides of the great Valley of the Rhine in its central region below 
Basle ; namely, the Vosges, which rise on the left bank of the 
river above Colmar and the Black Forest, or Schwartzwald on 
the right bank. ^ • 

The Vosges exhibit granite, transition slate, limestone, and 
porphyry. The greywacke near its contact with the porphyry 
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is, according to Dr. Bou^, much altered, and* the limestone^ 
under the same circumstances, assumes a granular character. 
Traces of coal occur on the border^ of this chain in some places 
on the E and S, and a conglomerate, probably belonging to the 
newer red sandstone, often overlies and abuts upon the primitive 
rocks in surrounding the chain. 

The intermediate Valley of the Rhine between these mountains 
and the opposite group of the Black Forest, is principally occu- 
pied by formations of the tertiary order. 


The Black Forest . — ^This range extends near the right bank of 
the Rhine from Basle to Rastadt ; it rises gradually from the E, 
and breaks down with a steep escarpment to the W. Granite 
is the prevailing rock, occasionally associated with gneiss. A 
•porphyritic formation sometimes rests on the granite, and forms 
summits. On the eastern slope, the range is covered by the 
overlying red sandstone. The Odenwald rises in the prolonga- 
tion of the same line between Heidelberg and Darmstadt ; its 
constitution is exactly similar. The Spessart is a small insu- 
lated granitic group, almost close to the NE end of the Oden- 
wald. 

.(G.) Chain of the Bower Rhine, or Slate MowUains of the 
Ardennes, Fiffek, and Rhingau. 

This is a district of low mountains exclusively occn})ied l)y 
transition rocks (i. e. greywacke, greywacke vslate, and transition 
limestone), extending from the Meuse above its j miction witli 
the Sambre, across tlie Rhine below Mayenccto Marburg. Tiiis 
chain is familiar to every continental traveller on account of the 
magniticent defile which opens directly across it to give passage 
to the rapid waters of llie Rlune between Bingen and Bvuin ; an 
extcnsivci and decided volcanic tlistvict partially ovealies the tran- 
sition rocks a1)ove Bonn. On the left bank of the river is a 
region presenting plains covered wuth ashes, from wliich rise 
some low but well detined creitcrs ; on the right are the lrachyti(^ 
and liasaitic summits of the Siebengebevge. This sciiistosc 
chain is skirted on the N by the foi nialioiis of old red sandstone, 
mountain limestone, and coal ; on the S also, tlie mountain lime- 
stone occasionally appears ; but the new' red sandstone generally 
overlies the transition rocks immediately. 

(H.) The llartx. 

This is tlie last of the insulated and protruding groups w c shall 
have occasion to notice. 

It exhibits granitic summits : but no gneiss or mica slate has 
yet been found in situ. The granite is succeeded by clay slate, 
and the usual transition series. The coal formation rests against 
the transition scries, and is fullavved by the new red sandstone? 
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coii<^lomeratc ol* rothe todteliegende,* on which the cupriferous 
slaty limestones, coeval with our magnesian series, repose. 

(T.)p The Alps. 

Having surveyed the detached groups described in the preced- 
ing paragra[)hs, we may now resume our account of the principal 
cliain, wliere it displays itself with the greatest magnihcence in 
the colossal summits of the Alps : the older rocks constituting 
this chain first emerge from beneath the more recent calcareous 
chains of the Apennine in the north-west extremity of Italy. 
The first tuices of the primitive rocks appear on the borders of 
Tuscany and Liguria. Serpentine is here the prevailing rock. 
In Tuscany this forms only low hills, but in Eastern Liguria, it 
constitutes the nucleus of the mountain chains, which are still 
called the Apennine. Gneiss and micaslate also occur ; granite 
is rather rare, but bfrautiful varieties of primitive limestone are 
(piarried in several places. It is not, however, till after passing 
Genoa that tlie name or <:haracter of the true Alps begins : here 
that portion of them called the Maritime Alps ovei hangs tlie 
coast of' the Gulf*. The primitive rocks appear to skirt the 
shore fur about half the distance between Genoa and Nice, when 

* All the maps and descriptions of the Harta concur in proving this order of superpo- 
sition ^ which has been controverted by IMr, 'Weaver), with regard to ihQ ^rcai uud jtrln-. 
vipul imiss of the rothr todtliri^nifle. i\Iy ))igh respect for my opponent in this contro- 
versy, and a general hatred of disj)utc, arising from reverence for the Ihieonian j)rc- 
cept, *'*’ ct>rdi et cur;c sit non disputando adversariinn sed opere naturain vincere,” make 
mo reluctant to misemploy my time in such discussions; but since a correct view of tlie 
relations of this rock forms an essential point in the idcntilication of the J^ritisli and con- 
tinental series, I pledge myself in a short time to prove distinctively that Freisleben 
iloes expressly recognise the rothe todtlicgeiulc as a distinct formation from tliat of the 
carboniferous rocks ; and to establisli tbc su])erposition above given by cojiies of the 
maps ami sections «>f the <listricts in which tlie rotlKliegendc occurs, pointing out at the 
same time the sourec*of the confusion which has occurred. 

From the perusal of Keferstein’s memoirs on (iermany, while this note was passing 
through the jircss, I find the most complete confirmation of this opinion, the rotlielit: 
gende is uniformly described as nposhi^ on the porjdiyry and coal formation. It is 
necessary, Imwever, to advert to a source of confusion wliich miglit otherwise arise, frf)m 
a mutual niiseoneeption of each others nomenclature, between tlie (ierman and i'Jnglisli 
geologists; the series of rocks being, as is agreed between both parties, 1. (.!oal. 2. For- 
pliyry. .‘1. Red santl;,tone conglomerate (rclbe todteliegende or rother samlsteiii); 
4. iiiiiicstone vcjireseiiting geidogieally our magnesian lime (alpeii kalkstein of Kefer- 
slein); '\^'lriegated marie with salt and gyps Chunter sandstein). 'i'he Fnglisli geo- 
logiste- lu’ive in the habit of treating No. .S, 4, and as included under ot;^* great 

formation, to wliieh they have aj)])lied the name, new red sandstone, in order to distin- 
guish it from the older (piar!/ose conglomerate wliieli underlies the great limestone form- 
ation supjiorting tlie coal, a rock, generally reek»>ned by the continental geologists (parti- 
cularly by Ilai’.uier, and by Ileudaiit iii his excellent woik on Hungary) among the 
transition seiies. 

Hence the linglish writers use indifferently the same terms fur the rotlier sandsfein 
and the hunter saiulstein — a circumstance wbicli has led Keferstein in one inst.uiee to 
belii*ve, that a difference as to fact existed between liimself and JJucklaiul, wlierc in 
truth a difltTcnce of nomenclature was alone concerned. 

In Ihigland, tlie magnesian limestone being of limited occurrence, this mode of view- 
ing the subject is sufficiently precise; but it will be necessary in order to jirevent the 
■recurrence of tliese niisuu‘le; sta’ idli'gs to Isarn'i*; i.v for the Juiure witH tile CJeilnan * 
writers, and to speak ol* tlie thu-e formations as di.>M‘nct, liautgli yet as appcrtaiwijig to 
one great Older, lliat, namely, of the new- ror saliferous saiHULone. 
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they trend inland, and are succeeded by secondary hills. The 
Alps, which may be said to expire on tne side of Italy, appear 
rather to be continued as to their geological constitution in the 
primitive chains of Corsica and Sardinia, situated directly oppo- 
site the termination of the Maritime Alps against the coast, and 
in the line of their prolongation. 

From the Gulf of Genoa, the Alps pursue their course first to 
the NNW, through Piedmont and Savoy ; then turning suddenly 
to theE through Swisserland, the Tyrol, andStiria. The primitive 
and transition chains have together an average breadth of 
between 60 and 60 miles. These are succeeded by exterior 
zones of limestone, principally coeval with the magnesian lime- 
stone and oolitic senes, the carboniferous series being apparently 
absent,* or at most of very limited occurrence. The beds of the 
Alpine rocks where these are stratified are generally vertical ; 
«the bordering chains exhibit marks ©f the greatest disturbance, 
their strata being contorted and dislocated. Thus on the north 
all the recent calcareous chains appear to dip towards, instead 
of rising against, the central and primitive ridges. The three 
following sections taken from Ebel will give a general idea of 
the distribution of the older rocks in the Swiss portion of the 
Alps : 

1. Over the Bonliomme and Mount Cents. 

Clayslate (Sallenche). 

Micaslate and gneiss. 

Primitive limestone and clayslate. 

Gneiss, granite, micaslate, hornblende slate 
(the Bonhomme). 

Primitive limestone. 

Gneiss and micaslate. 

Primitive limestone and gypsum. 

Unexplored interval along the upper valley of 
the Isere. 

Primitive limestone and gypsum. 

Primitive limestone and micaslate (Mount 
Cenis). 

Gneiss. 

Clayslate. 

Serpentine. 

Granite. 

Serpentine. 

2. Over Great St. Bernhard. 

Compact felspar and slaty sienite. 

Greywacke slate. 

Compact felspar and slaty sienite. 

* Mt. de la Bei^e has, however, noticed traces of the coal formation in the Col. de 
Baumc. 
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Primitive limestone. 

Micaslate and granite 

Primitive limestone and gypsum. 

Gneiss. * 

Primitive limestone. 

Gneiss and micaslate (Great St. Bernhard). 

Primitive limestone and micaslate. 

Primitive limestone and talcose rocks. 

Gneiss. 

Primitive limestone. 

Hornblende, slate, and serpentine. 

3. Over St, Gothard. 

Gneiss. • 

Gneiss and granite. 

Primitive limestone and gypsum. 

Gneiss, granite, and micaslate (St. Gothard). 

Hornblende, slate, and greenstone. 

Primitive limestone and gypsum. 

Gneiss. 

Granite and gneiss. 

Micaslate. 

According to Ebel’s map, the transition formations, grey- 
wacke, grcyu ackc slate, and transition limestone, form a band of 
small comparative extent on the north of the Alps, the rest of 
the chain being primitive ; but, according to D^Aubuisson, Mr. 
Brochant considers much of the gneiss, micaslate, and serpentine, 
of the Alpine chains, as truly belonging to the transition series : 
the details aVe given in the subjoined note.* 


* M. Brochant, Profcsseiir de Mineralogie et de Geologic a TKcole des Mines, alors 
a Mouticrs, dans la Tarentaisc, en observant divers points de cette contrcc, tut 
frappe de la multitude de brcchcs et de poudingues qui s’y trouvaient ; U vit les roclies 
de CCS inontagnes alterncr avec ces poudingues, et avec un terrain anthraciteux contenant 
des eniprcinles vegetales. II exposaces tails dans un meinoire qu*il publia en I80H, ct 
dans lequel on nous inontra, pour la premiere fois, des schistes-niicaces, des serpentines, 
des quartz en rochcetdes cakaires grenus, hors de la classe des terrains primitifs, et pos- 
teriuurs a Tcxistence des ctres organises. Ve menioire classique et fondamental, pour 
employer Ics expressions de M. dc Bucli, fait upotjue dans cettc partie de la science.** 
M. Brochant a poursuivi, dans les Alpes qui avoisinent la Tarentaisc, les fonquetes 
qu*il venait de faire aux formations intermediarcs, et il ne s’est arrotc que dtfvant le 
Mont-Blanc et les (xrandcs- Alpes, retenu par un reste dc consideration pour le.iir 
ancienne prerogative dr, primordialite^ et par cette elevation qui les place au premier 
rang parmi les rnontagnes de 1’ Europe : mais sans desesperer qu’un jour de nouvelles 
decouvertes ou de nouvelles analogies neles fissent passer dans les terrains intermediarcs; 
et en reiiiarquant formcllement que lors nieme que ces hautes Alpes appartiendraient aux 
terrains primitifs, elles n’etaient separees, par aucunc interruption, du terrain intenne- 
diare de la Savoie, et qu*il y avait continuite entre la formation de ces deux terrains : 
conclusion tres-importante, ctsiir laquelle nous avons deja insistc. 

Je remarquerai id que lorsqu’cn 1807, M, Brochant fit le memoire dont les conse- 
quences ont et6 adoptees par tous les min^ralo^stcs. ce sav&nt manquait encore d*une 
partie des preuves qui les rendent aujourd*hui incon testa bles ; alors ^n n*avai| pas 
encore trouv6 des coquilles dans les cakaires de la Ttirentaisc. 

Depuis les observations dc M.de Brochant, dit M. de Buch, je commence *a croirc 
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In this map also a double zone of primitive limestone is repre- 
sented pursuing its course with undeviating regularity on either 
side the axis of the chain. In the Tyrol, the secondary lime- 
stones encroach more on the primitive chains, which, tliough 
still of con.fiderable height, are tame in tlieir features, and are 
more than rivalled in elevation, and far surpassed in grandeur, 
by the oolitic ranges. 

The steepest escarpment of the Alps is uniformly towards the 
Italian side. 

(K.) Chains surrounding the Basin of Rohemia, including the 
liohemer Wald, the Thnringer Wald^ the Rrzcgchiigr, the 
licisengehcrge^ and the Unde/engcljcrge. 

The central line of the Alps may, perhaps, be considered as 
prolong(al by the primitive chain, which passes from Presburg to 
join the Carpathians ; l)ut on tlie NW of this line is a vast group 
^f ancient chains, extending between Vienna and Dresden, com- 
jdetely enclosing tlio sources of the Elbe, or the great basin of 
Bohemia, and tinis forming, as it were, a detached ring in front 
of the general vsystem. The Bohemcr Wald, or hranches con- 
nected with it, closes this basin on the HW and SE, ranging 
round the sources of the Elbe. On the NW border, clayslate 
alternating with greenstone rocks prevails ; but in the rest of 
the chain, granitic rocks predominate. 

• The Eichtelgeberge connects this side of the Boherner Wald 
W'ith the Thuringer Wald : it exhibits granitic summits skirted 
by clayslate and greenstone. The slate district is very extensive 
on the N, 

The Thuringerwald (a branch extending from the NW of this 
primitive circle) exhibits granite, gneiss, .and micaslate, skirted 
on the S by the overlying deposits of rotho todteliegende and 
cupriferous slaty limestone (our new red congloimirate, and 
magnesian limestone series). On the N, porphyritic rocks over- 
lying those of the coal formation occur. • 


quelc gneis mome, entre Xlartijiny ct Saint-IMauricc, que tons 1l*s sin«^\ilicTs pomliiignt's 
dela vallcoilc Tricnt jusvpi’a Viilorsinc, quo Ics rochers clegiicis ezitre Alartigny ct Saint- 
l*ranchiez, appartienncnt au terrain ^ra/izctnAi^ ct iic sontpas priniititis. (.X*s rnclics 
sc rctroii/ent dans tout le\'alais, <| unique sans poudingues.” 

The slate of Glaris, containing HnIi and turtles, wliicli has sometimes heeii considered 
as transition, appears rather to belong to tJie secondary rocks. 

1 am desirous to avail myself of this opportunity to ct»rrcct an error T have inadver- 
tently committed in cpioting a statement of Dr. Mac Culloch’s on a subject nearly con- 
nected with this. In noticing his discovery of a calcareous formation containing organic 
remains underlying the gneiss, I have hastily used the term gryphitc limestone, but the 
fossils observed were really orthoceratites ; the whole sentence is also expressed too gene- 
rally, and without suilicient precision. Instead of the >brief clause “ a gryphite lime- 
stone underlying gneiss in one of the Hebrides,” I ought to have written a limestone 
formation underlying gneiss in Garvttgh, the most nortlicrly of the Hcliridcs, and in 
the shores of liOch Eribol on the adjoining main land, which at Kribol contains a subor- 
dinate bed of calcareous sandstone, exhibiting traces of orthoceratites.” Tlie Doctor has 
little doubt tifat the associated hedsi of the limestone will also be found to contain similar 
remains both at Eribol and in (iarragli Inland. 
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The Erzegeb«rge (forming the NW border of the Bohemian 
basin) presents the same primitive rocks skirted by the transition 
series. Its ridge supports in many places insulated basaltic 
summits, which are also abufidant on the Bohemian side, where 
ill the Mittelwald between the Krzegeberge and the Eger, they 
repose on tertiary deposits containing lignite. Porphyritic rocks 
overlying coal abound on the N of this chain as in the Thiiringer- 
wald. 

Tlie Riesengeberge (a continuation of the Erzegeberge on the 
opposite side of the Elbe, forming the north-eastern border of 
the Bohemian basin) has a central granitic axis, skirted by 
gneiss sometimes including micaslate, by clayslate, and lastly, 
by transition rocks ; The gneissy zone is most extensive on 
the nortli, and that of clayslate on the south, of the central 
range. Beyond the valley of the Neisse, the continuation 
of tiiis chain (here principally composed of clayslate), assumes^ 
the iiaiiKi of the Sudetengelierge, and ranging round ihe 
district of Cilatz, unites itself with tlie slaty ridges proceeding 
from the Bohemcrvvald, thus coin})leting the enclosure of the 
Bohemian basin (which, as we shall hmcafler see, is occupied by 
the carboniferous series, new red sandstone, tertiary, and basal- 
tic formations). The Valley of the Oder on tl»e north, and of 
JMoravia on the south, separate these chains from those of the 
))rolongalion of Alps towards the Carpalbians ranging by 
Pres burg. 

(L.) Carpnihian Mount ai ns. 

These mountains range in a semicircle round Ifnngary from 
Presburg, on the \V, to the neighbourhood of Belgrade on the E; 
the auciout "locks, howioau', urti not exhibited on the surface 
tlirougliout tile wliole oi’ this seinicirch^, there being an interval 
near llie middle of its course (above the sources of the river 
Theiss) ill whicli the older rocks only appear in patches bursting 
through ail overlying sandstone deposit. With this exception, 
however, which does not amount to more than a sixth part of 
the whole semicircular range, the older formations are uninter- 
rupted. They present first a central granite, then granite, gneiss, 
and micaslate, alternating together. 3. Micaslate and cli^slatc 
containing granular limestone. 4. Serpentine diallage ^rock 
(Euphotide) and greenstone porphyry. 5. Transition rocks. 

Having enclosed Transylvania by a rapid bend, the primitive 
cliain crosses the Danube below Belgracle. 

It then appears to extend itself to the S, turning round to tlie 
E, and forming the chain of the Balkan or Mount Hvvnius. 

(M.) Balkan or liccmus, 

I am not acquainted with any geological rlescription of lliis 
chain. Macmicluul, liowevcr, ohseiwes, in crossing it fiom 
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Gablova to Shipka^ that the strata on the N are^genetally calca- 
reous^ and the summit a blue or variegated marble ; but on the 
descent, the rocks change to a hard argillaceous schist, abound- 
ing in large veins of q^uartz. r 

On the S of the Crimea is a tract of slate which may be a pro- 
longation of this chain. 

(N.) The Range of Caucasus. 

This, though beyond the limits of Europe, is necessarily 
included in our present survey, being placed exactly on the pro- 
longation of the line of Mount Balxan, and of the slaty tract 
of the Crimea, of which it, therefore, appears to 'be the con- 
tinuation, forming with it the southern border of the great 
European basin. It is said to exhibit the usual primitive and 
transition rocks skirted by compact limestone, and to exhibit 
near its centre some overlying summits of floetz trap. 

(O.) Granite Plains of the Dnieper. 

These appear to constitute a group of primitive rocks protrud- 
ing through the secondary and tertiary deposits of the great 
basin ; granite principally prevails, and the country is characte- 
rised by tlie unusual circumstance, that although of primitive 
structure, it is yet low, and, except where furrowed by the valleys 
of the rivers traversing it, level. 

(P.) The Ural Chain. 

The great European basin is open through a wide interval, 
destitute of any primitive' barrier towards the Caspian and Aral. 
Whether any primitive zone exists behind these inland seas, or 
how far the secondary deposits extend in this direction into Asia, 
is unknown ; but on the NE, the Ural Mountains on the con- 
fines of Europe and Asia again present a primitive border, exhi- 
biting, according to Pallas, the usual central and collateral zones 
of ancient mountain chains. It seems probable, but has not, I 
believe, been ascertained, that the primitive rocks ol Finland on 
the north of the great basin extend along the shores of the 
White Sea till they join the northern extremity of the Ural 
chain*, thus completing the primitive margin of the basin on that 
side*. 


( To be continued.) 
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Article II. 

Opi Fossil Huffiaji Bo?ies, and oilier Animal Remains recently 

found in Gennany, By Thomas Weaver, Esq, MRIA, MllD^. 
MWS. MGS. 

(To the Editor of the Apinals of Phi lusojdn/.) 

SIR, Tort'worlh^ IVoltoti-umlcr-cd^r^ Dcc.l^ 1822. 

The admirable paper of Prof. Buckland on fossil teeth and 
bones, discovered in caves and diluviau gravel, in England and 
on the Continent,* has excited, as might have been expected, a 
higli degree of interest in the public mind. Persuaded of the 
value attached to every addifion to our stock of knowledge, that 
may tend in any measure to elucidate the effects of diluvian or 
post-diluvian action, it appeared to me that an acceptable ser- 
vice might be performed, by conveying to the English reader an 
account of the fossil human remains lately discovered in Ger- 
many, in company with those of other animals, near tlie valley 
of the Elster. I'he facts detailed, and the speculations thence 
arising, which proceed from tlie pen of the Baron von Schlo- 
theim, are contained in the following paper, to which I have 
added a lew notes. You will favour me by inserting it in the 
Annals of Philosopht/ ; and 1 am. Sir, 

Your most obedient servant, 

T. Weaver. 

Geological Dcscrlplion of ike Fnvirons of Koslritz, vnth an 
Account of the Fossil Bones discovered in that Vicinity . 

Tlie recent discovery of human bones, as well as tlioscj of 
other animals, in a fossil state, in the neighbourhood of Kiistritz, 
cannot fail to render a description of that district interesting to 
naturalists in general, 

1 had an opportunity of examining that part of the country 
this spring (1820), in company with Mr. Braun, Counsellor to 
.the Land-Chamber, a gentleman distinguished by his exact 
mineralogical knowledge. Its geological relations are so well 
(exposed in the ranges of hills, and in the quarries opened on 
their declivities, that no room is left to doubt the disposition 
and order of succession of the different floetz formations, which 
appear in that vicinity. 

The valley of the Bolster extends from Kbstritz to the N, in an 
average breadth of about 2^^- linglish miles, flanked by heights 
. which are covered with fertile fields, and slightly wooded. 
These eminences form connected ranges on bo^i banks of the 

* Published in the Philosophical Transactions for 1822, Parti; and al|^ in the. 
^ Annuls of Philosophy for August and September, 1822. ^ 

I + From the Introduction to the Petrefactenkunde of the Baron von Schlodieim^ 

;r Gotha. 1820. 

Flew Series, vol. v. 
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Elster, passing Politz and Kaschwitz ; that on tJie E, near Politz, 
obtaining the greatest elevation. The bottom of the valley itseli^ 
is perfectly smooth, refreshing the eye with its verdant mea- 
dows, diversified with groups of trees, from among which peep 
villages and mills. From the heights above, an extensive, 
varied, andveiy agreeable prospect may be enjoyed, particularly 
toward the N in the direction of Gera. 

The foundation upon which the floetz formations repose, con- 
sists of transition reddish-grey clayslate, and firm fine-grained 
greywacke. The former may be seen in the valley of Eleonore, 
ranging 30® E of S, and W of N, and dipping 70® — 76® to the 
NE. It rests on the greywacke, which first appears behind 
Kbstritz, rising further S into a considerable din, and exhibit- 
ing in this quarter traces of old mining works. Lamellar sul- 
phate of barytes, with disseminated malachite, occurs in one of 
the old hillocks. The clayslate is immediately covered by the 
older floetz limestone,* which rests upon it in an unconform- 
able, and nearly horizontal position. The lowest strata are sandy, 
and occasionally somewhat bituminous ; but in some places, 
where they nearly adjoin the clayslate, they are also micaceous, 
and of a smoke-grey colour (belonging to the so-called zechstein, 
or argillaceous limestone), and are traversed by small veins and 
fissures, which contain galena. In the upper strata, the sand, 
mica, and bitumen, disappear entirely, and, in their stead, traces 
of yellow ochraceous ironstone become visible. 

All these appearances are very common in this formation of 
limestone- We no where observed, in the places we examined, 
the bituminous or cupriferous marl shale, nor the todtliegende. 
Both appear to be wanting in the vicinity of Kbstritz, and the 
latter first occurs between Gera and Pforten, where it is exhibited 
in all its varieties.^ 

The limestone, just described, ranges principally on the left 
bank of the Elster toward Gera, as far as the vicinity of Hart- 
mannsdorf, and again on the right bank near Politz, where it is 
well displayed in several quarries. On the other hand, the gyp- 
sum, which is imbedded in, and subordinate to, this limestone, 

* The older floetz limestone of the Baron von Schlotheim, noticed above is the same, 
a8 tlie lower floetz limestone formation of Germany described by Freiesleben, the first 
ftoetz limestone of Werner, the equivalent of what has been called tlic mjignesiiui lime- 
stone formation of England; in illustration of which, see my papers in the Annals of 
Philosophy^ for October, November, and December, 1<S2I ; and August, 1822. — T.W. 

-f* The meaning attached by the Baron von Schlotheim to the term todtliegende, is 
consistent with that of German writers in general. In the restrictive sense, it signifies 
the old red sandstone ; in the enlarged, it comprehends the coal formation also ; for 
proof of which it may be sufficient to refer to the Petrefactenkunde, Introduction, p. 5 
and 6, where the author observes, Certain petrifactions are found in the coal sandstone 
and slate clay that are subordinate to the todtliegende^ or older jloetz sandsUmef* and 
again in p. 385, of the work, “ In a general point of view, petrified wood may be said 
to be of rare occurr.-nce in the coal treasures of the older sandstone formation^ as well as 
in coal foro^ations of more recent origin.'* 1 should hardly have thought it necessary 
to advert to this construction of the term todtliegende, had it not been lately contro- 
verted. — (See also my Geological Remarks in the Annals of Philosophy^ for August, 
lo22.) I may here observe that todtliegende, rothliegende, and rothe toiltlicgende, are 
isjnonymous terms with German authors. — T. M'. 
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occurs at the foot*of the opposite range, on the W, near Kos* 
b-itz and Kaschwitz, in the same manner as it appears near Ties* 
chiitz, not far from Hartmannsdorf, in the whole of which extent 
the numerous gypsum quarries •afford an insight into its charac- 
ter. Tlie depressions and sinkings of the earth which occur in 
the vicinity, proclaim that we have entered upon the domain of 
the cavernous gypsum and limestone, the latter of which is, as 
usual, covered by the variegated or new red sandstone forma- 
tion, which appears near Hartmannsdorf, and on the ridge of 
the chain of heights near Politz. Over the whole of these floetz 
formations is spread an alluvial loamy tract, which is sometimes 
sandy, extends fbr many miles, and yields to the landholder a 
rich return when duly cultivated.* 

After this concise general view of the country, and of the 
order and succession of the floetz formations, appearing near 
Kbstritz, I now proceed to a nearer description of tne limestone 
and gypsum, with a detail of the circumstances under which the 
bones of land animals are not unfrequently found in those rocks. 

The varieties of this limestone formation have obtained, as is 
well known, diflerent appellations from miners, among which 
zechsteiu is one of the principal. Near Politz, that kind of 
zechstein appears more particularly to prevail, which passes 
into the cavernous limestone, being traversed, as may be seen in 
the upper quarries, immediately under the new red sandstone, 
by very considerable fissures and cavities, which often exceed 
12 feet in breadth, the walls of which are coated with stalactite ; 
while the smaller Assures are frequently wholly filled with that 
substance. The rock ranges 30® to 45® to the K of S, and W 
of N, with an inclination toward the NE, in strata which are in 
some places a few feet thick, and in others very thin, alternating 
with slight layers of clay marl, that are partially sandy ; being 
also traversed by numerous fissures in various directions. At 
the foot of the heights, this limestone approaches more nearly to 
the character of zechstein ; and in the next quarry, near Politz, 
it contains aphrite, distributed in nests, yet only in small por- 
tions, and not in such considerable masses as occur on the other 
side of the Elster toward Gera. In the vicinity of the latter 
town, the rock appears as gryphite limestone, yielding, as is v«ell 
known, fine specimens of gryphites aculeatus and g. cymbium, 
beside indistinct remains of other shells, which seem to belong 
to mytulites ceratophagus and terebratulites lacunosus. On the 

* I have throughout this paper employed the expression alluvial tracts or formations 
jXdiifircschwrtfieTnte gebirf^e) in the sense established by common usage ; namely, as a 
« general term, comprehending both diluvian and post-diluvian deposits, yet involving 
^^^olutc decision with respect to either era. Wherever such epochs arc distinctly 
anarked, the latter tenns become strictly appropriate ; but in questions of a doubtful 
-^nature (such as tliat which constitutes the subject of the preseift article) the former 
xtetains its use. To confine the signification of the word alluvial to that of post-diluvian . 
J'merely, as lately proposed, would be to deprive ourselves ^f a useful general expresiion. 

W. 

c 2 
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other hand^ in the Politz limestone, I have mot observed any 
petrifactions of shells. At the latter place, the upper quarrj, 
situated near the middle of the declivity, is particularly instruc- 
tive, exhibiting wide fissures and cavities, entirely filled with the 
alluvial loamy deposit, that covers the whole country to a great 
extent. Considerable masses of stalactite aj)pedr in several 

{ places, and here principally were found those bones of large 
and animals noticed in the 1‘ollowing description, and now con- 
tained in my collection. They w^ere met wdth at the depth of 
about 20 feet, imbedded in the loam of one of the widest cavi- 
ties. They consist of 

1. Lower bones of the foot, hollow bones, doisal vertebne, and 
single fragments of bones, of the rhinoceros antifjuus of Blunien- 
ba(m. • 

2. Lower jaws and single teeth of a species of horse of the 
former world, })articularly distinguished by tlie extraordinary 
length of the teeth. 

3. Dorsal vertebrae and hollow bones of ruminating animals, 
belonging to species of the ox and deer tribes of the ancient 
world, of an unusually large size. Of the lattc‘r occur also very 
large pieces of the horns, with the coronets adhering, and brow 
antlers and branches of great length ; these closely resemble the 
drawings of Cuvier, tom. iv, pi. 1, fig. 3 ; but it is doubtful w he- 
ther they are derived from the Cervas elaphas pri/nordialis, or 
from the Alee gigantea^ the upper or palm j)art ol the horns being 
wanting. 

4. Low^er jaws, with the teeth mostly in a perfect state of 
preservation, of a large sp(?cies of hyeena of the former world, 
canis crocuteeformis major, Cuvier, tom. iv. p. 28, figs. 10, 12, 
and 14. 

5. Fragments of the upper and lower jaws, and single tusks of 
the leo diluvianas, which approaches most nearly to thi^jagnar, 
Cuvier, tom. iv, pi, 1, figs. 3, 7, Compare with Mem. sur les 
grands Chats, pi, 1, figs. 3, 5. It is doubtful whether the frag- 
ments of one of these jaws do not belong 'rather to a kind 
of tiger of the former world. 

All these bones are more or less changed and penetrated with 
calcareous matter, the alteration being particularly observable in 
the bones of the rhinoceros, and in those of the ruminating ani- 
mals. The condition of the greater part of the bones of the 
other animals is nearly the same as that of the bones found in 
the caverns at Gaylenreuth, Scharzfeld, and elsewhere ; and 
hence it seems probable that they are of an equal age, and refer- 
able to the same epoch of the ancient world. As, however, the 
fossil bones of the rhinoceros, and of the ox and deer tribes, are 
principally met with in loam, calcareous tufa, and other alluvial 
oeds ; and the* latter in particular have hardly occurred in the 
‘chambers of the cave»nous limestone (ho/i/enka/kstein) in com- 
pany with those of bears, hyaenas, lions, &c. it is certainly possi- 
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ble that the remains of the land animals thus found commingled 
iri the fissures of the limestone, compacted in the same alluvial 
soil that covers its surface, may be derived from different periods.* 
But as, on the one hand, the remains of several of the animals 
mentioned above have been found accompanying each other in 
tufaceous and loamy beds, e. g. near Karinstadt, Osterode, Thiede, 
and other places, it is also possible that they may be of a con- 
temporaneous origin.^- 

'I'urning now our attention to the iVW side of the Elster, to 
the heights above Kaschwitz, we find the gypsum there imbed- 
ded in the limestone, and appearing in the declivities. The 
former seems to have been laid bare by the destruction of the 
superincumbent limestone; but the latter becomes again visible 
in the slopes and eminence}^, proceeding toward Rubitz and 
Ciera, occurring there in the form of zechstein and gryphite 
limestone. 

Tlie gypsum seems to constitute in this cpiarter a large iso- 
latec! mass, included in the limestone. As far as exposed in 
the quarries, whicli have no where penetrated deeper than 30 or 
40 feet from the surface, it is compact, and of so firm a consist- 
ency as to require to be lilasted with gunpowder. Colour, grey- 
isli-vvliite, rarely inclining to yellowish and flesh-red. It is 
sometimes striped in the ribbon and undulated manner, and 
alternates with slight layers of clay, in the vicinity of which it 
nusses into the Ibliated variety, and acquires partially a greyish- 
black colour. Barinaceous gypsum occurs adjacent to the 
fissures, and also in their interior, in the form of nests. Specular 
gypsum has lieen met with only in crystals in the smaller cre- 
vic('s. Other varieties would probably be found, in the same 
manner as in Mansfeld, were the quarries conducted to a greater 
d(qith. JVo traces uf salt springs have been discovered in the 
vicinity of the gypsum, though from the geological position of 
the latter such might have been expected. 

The entire gypseous mass is intersected and perforated by 
fissures and cavities, which follow every direction, and are con- 
nected with each other by serpentine channels, of larger or 
smaller dimensions. But these fissures no where attain so great 
a breadth as those of the superincumbent limestone near Politz. 
They are, however, tilled throughout in a similar manner with thtJ 
same alluvial loamy deposit, even to the greatest depth ; and this 
loamy sediment appears horizontally disposed for short dist- 


• This argument seems to he invalidated by the consideration, that such remaini 
have occurred together in other caverns, e. g. in Sngland. (See I’Tof. Buckland's excel- 
lent paper referred to above, and also the Quarterly Review, Oct. — T. W. 

f According to the view of several naturalists, the bones of the animals met with in 
the caverns of Gaylenreuth, Tdebenstein, Scharzfeld, &c. and remains of bones 
found in the alluvial formations, belong to very different periods of the ancient world. 
This opinion, however, recpiircs the stricter examination, ^ince it is stated that %he bones * 
of elephants have occurred in some of those caverns ; and in particular a large part of 
skull of an elephant was thus met with in one of the carerns of the Haitz, which is 
now preserved in the collection of Blumenbach. ^ 
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ances^ yielding in clusters, as it were, and under precisely tire 
same circumstances, a number of bones of land animals, among 
which are distinctly to be observed also human hones. 

Even from the first opening* of these quarries, which took 

E lace about 30 years ago, the bones of man and other animals 
ave thus been met with. According to the unanimous relation 
of the workmen, the former have usually been found at a depth 
of 16 to 30 feet from the surface, and this has happened in 
almost every quarry that has hitherto been opened in the gyp- 
sum, and always under the same relations. The cases are rare 
in which human and other animal bones have appeared singly 
near the surface of the gypsum, adjacent to the vegetable soil ; 
these have undergone a much greater change, are more pene- 
trated with calcareous matter, and are heavier than the bones 
met with in depth. Our own experience confirmed the affirma- 
tion of the workmen, that various bones are always found toge- 
ther, assembled in a heap, as it were, in the loamy deposit. On 
visiting Kornrnan’s gypsum quarry, we discovered there in a 
nearly vertical fissure, and at the depth of 16 to 18 feet from the 
surface, a number of hones belonging to quadrupeds and birds, 
firmly imbedded in the loam, lliough in a disjointed state, 
they appear referable to skeletons, that were formerly more or 
less complete. The idea has been advanced, that the bones of 
the smaller animals might have been brought there by owls, 
foxes, and other animals of prey ; being, however, not found in 
caverns, but invariably enveloped in the loam, under the same 
circumstances, this supposition seems invalid ; and it is besides 
contradicted by the appearance of the bones. 

It is also evident that the human bones could neither have 
been buried here, nor have fallen into the fissures of the gypsum 
during battles in ancient times, nor have been thus mutilated and 
lodged by any other accidental cause in more modern days ; 
inasmuch as they are always, found with the other animal 
remains under the same lelations, not /constituting connected 
skeletons, but collected in various small groups in the deposit of 
loam, that occupies the fissures and cavities of the gypsum. 
They appear, therefore, to be strictly fossil, and to have been 
suTept hither foods, with the other animal boxies,^ at the period 
of the formation of the alltwial tract itself 

If, as may be expected, this phenomenon should be further 
confiimed by the more extended examination of the Kbstrit?; 
district, now in progress, it will render probable the supposition, 
that the human tones found in calcareous tufa also, are likewise 
referable to the same period ; and consequently that man existed 
here previous to the formation of the alluvial tracts, the last great 
revolutioix to which the earth has been subjected. It has been 
^ already remarked by Cuvier (Recherches, &c. tom. i. p. 66), 
th^.t this epoch of a ^eat deluge, by which many animals were 
d*estroyed, whose remains are now found iji alluvial tracts alonCj^ 
Rnd not in any strata of an earlier era, nearly coincides with ouv 
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chronology. And the tradition of auch a deluge, preserved 
among all nations, now appears further confirmed by the instruct 
tive documents lying before us. 

The following are the remams of bones hitherto found in the 
gypsum quarries near Kbstritz, almost all of which are in my 
possession. 

1. Of Man. — A perfectly preserved forehead, extending to 
one-half of the orbits of the eyes. The upper maxillae, with the 
teeth mostly well preserved. The left side of the pelvis of a 
man, the left humerus, the right and left ossa femoris. The 
right thigh bone is in a more altered state than any of the other 
bones ; and hence it is much heavier, having been found, accord- 
ing to the statement of the workmen, near the outcrop of a fissure. 
Beside these, some other ifVagments of human bones are con- 
tained in collections at Gera, and in that of the Natural History 
Society at Altenburg. All these bones are of a rather large, yet 
not unusual size, and certainly not of a gigantic stature, as 
stated by loose report. 

2. Bones of rumhialing anitnah, of the same description as 
those found in the fissures and cavities of the limestone near 
Politz, among which the deer's horns appear in a similar manner 
deprived of their animal gluten, or calcined, as it were. 

3. Bones derived from animals closely resembling the sheep 
and the roe, although not wholly coinciding with the bones of the 
recent species. 

4. The lower right jaw, with several dorsal vertebrae and 
hollow bones, of an animal very nearly allied to the squirrel 
(sciurus vulgaris). On comparing this jaw with a skeleton of 
the common squirrel, it is found to differ in some respects ; the 
molar teeth possess a different direction, being considerably 
more elevated in.the anterior part, wliile the foremost of them 
are much smaller, differently formed, and turned more outwards ; 
the incisors also are of a much larger size. The proportions of. 
the hohow bones and dorsul vertebrm are likewise considerably 
greater ; and hence it is highly probable that we here possess a 
different species of the ancient world. 

5. The greater part of th(3 skull, with fragments of the sca- 
pulae and cervical vertebrae, of a kind of mouse ^ which seems 
referable to the mus terrestris. These bones perfectly corres- 
pond with the delineations given by Cuvier of those which occur 
so abundantly in the osseous breccias on the coast of Corsica, 
tom. iv. Breches Oss. pi. 2, fig. 7. The skull of the specimen 
before us is deeply penetrated with gypsum, and, in some places, 
studded with crystals of that substance. 

6. A number of bones of small quadrupeds, among which are 
some very remarkable jaw bones and teeth,, which, though pre- 
stuiting some resemblance to those of the hat ^sorex vespertilio) 
and mo/r (talpa), are yet for the greater 4 )art essentially different - 
8oiiie of these bones agree perfectly with those met with in* the 
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beds of calcareous tufa near Meissen ; and there, as well as here, 
are also found single bones of large kinds of^Vogs. Other bones 
seem to belong to the hare and the rabbit, and deserve to be 
accurately examined and compared. 

7. Bones of the tribe of birds, and probably also 

oi marsh fowl. The occurrence of the former is very remarkable, 
and I am not aware that they have been met with before. 
Among these is a perfectly preserved tibia, with the spur adher- 
ing, which is very long in proportion, and agrees very closely 
with the corresponding bone of the common or domestic cock 
(gallus communis or gallinaceus). It is well known that the 
common cock is principally distinguished by such a spur, while 
the peacock, the partridge, as well as the tetrao canadensis and 
francolinus orientalis, possess, for tlio greater part, much shorter 
spurs, and frequently only obtuse, knobby excrescences in their 
stead. There enn be no doubt, therefore, that this bone is refer- 
able to a bird closely resembling the domestic cock. The length 
and form of the spur also prove, that it belonged to a full grown 
bird, and yet the bony tube is one-third smaller, and much 
thinner, than that of the common cock ; the head ofihe joint of 
the knee and its ])osterior continuation also exhibit a slight 
variation in form ; and hence it may be presumed that the bird 
differed in some respects from the recent species. Almost all 
the bones of the bircls have undergone great change, and bespeak 
a high antiquity, although they do not appear in so perfectly 
calcined a stabi as the bones of the rhinoceros, and the horns of 
the deer. 

Similar fossil bemes are occasionally turned up by the plougli 
in some parts of the fields in the vicinity ofKbstritz, lying pro- 
bably concealed almost every where in the alluvial loamy soil. 
Great caution, however, should be exercised . not to confound 
common bones, brought casually upon the land in carrying 
•manure, with real fossil bones exposed at the surface by the 
operations of agriculture. 

In the preceding pages, I have endeavoured to describe as 
faithfully as possible all the natural circumstances by which these 
remarkable remains of bones are distinguished ; and though I 
liave^ expressed my opinion, that they were swept hither and 
deposited during the period of the formation of the alluvial tracts, 
still it may deserve further inquiry, whether this view be the 
most probable, or whether bones belonging to different periods 
have been here commingled by other natural causes. 

Continuation oj' the Description of the Fossil Hones and their 
Repositories in the Vicinity of Kostritz.^ 

The very remarkable circumstance of fossil bones of animals 


From^he Nacbtrage zur P^trefactenkunde of the Baron von Schlothcini. Gotha. 



18230 JVIr. Weaver on Fossil Human Bones. 25 

of the ancient wprld being found intermingled without order with 
those of recent species, and with human bones, in the loam 
which occupies the cavities of the lower floetz gypsum in the 
vicinity of Kbstritz, demanded tlie most careful investigation. 
The oifer, therefore, of the Privy Counsellor Rudolphi in Berlin, 
a naturalist of experience and high repute, to compare and 
determine with exactness the nature of these bones, was highly 
acceptable ; and I feel deeply indebted to that gentleman for his 
valuable services on the occasion.* The true character of seve- 
ral of the bones was so distinct as to require no further compa- 
rison ; but it became necessary to transmit the far greater num- 
ber to Berlin. Of these the largest portion has been most accu- 
rately determined, a few only remaining of a doubtful nature. In 
the mean time, 1 have reueived several packages from Kbstritz, 
among which are some specimens that may require a careful 
examination ; and of these I shall not fail to give a fuller 
account on a future opportunity. • 

Of the follow ing fragments of bones have hitherto been 

dug up : 

1. The os frontis, extending to the orbits of the eyes. 

2, The ujiper maxillie, iu two corresponding halves, in which, 
with the exception of the incisors, all the teeth are perfectly 
preserved, ditfering in no wise from the recent. 

b. A fragiuentof the lower jaw, with the molar teeth, 

4. The left humerus. 

5. The right femur. 

6. The upper half of the left femur. 

7. Tlielel’t side of the pelvis of a man, 

8. A fragment of one of the true ribs. 

1). Single fragments of thigh and arm bones. 

All these pieces are contained in my collection, and betray a 
great antiquity, although they have not all undergone a change 
in an equal manner. Some of them have lost their animal gluten, 
and are ev^eii penetrated with gypsum (as is the case also with a 
considerable portion of the other animal bones), while others are 
only slightly calcined and decomposed. This varying condition 
of the bones is likewise observable in all the fossil bones of 
Kbstritz. 

Of the animal remains generally admitted to have belonged to 
inhabitants of the ancient world, the most numerous met with 
near Kbstritz are those of the rhinoceros, although, upon the 
whole, they arc of rare occurrence. Of the elephas primigenus, 
the mastodon, and other gigantic land animals, no remains have 
hitherto been found in that vicinity. 

* The (!ourt Counsellor Oken also had the goodness to favour me with several obser. 
vations on these bones, which have been confirmed in p;yt by tliose of Rudolphi 
W'^hether the supposition of the former gentleman, that the human bones found near 
Kiistritz are the remains of the (iothic race, the .uicient inhahilants oi Germany, be. 
well founded, must be left for the decision of future exj^cricnce. 
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Hie bonea of the rhinoceros in my collection, derived from the 
limestone and gypsum quarries near Kostritz, are the following • 

1. The second or third molar tooth of the right upper jaw in a 

perfect state of preservation. • r j > 

2. A molar tooth, in an injured state, and wholly calcined 

probably belonging to a young rhinoceros. * 

3. Several cervical vertebrae of the same, nearly complete, and 

but slightly altered. ^ 

4. A large dorsal vertebra, damaged, and much calcined. 

fragments of the scapula of the rhinoceros, also much 

calcined. 

6. A large and nearly perfect fragment of the right femur of 
the same, perfectly calcined. It was found on Dec, 12 1820 
m Friedemaim’s gypsum quarry, lately opened near Kiistritz, and 
at the same time fragments of human bones were also met witli. 

7. 1 he lower end of the left femur, in the same state, and 
• lound at the same time. 

8. Two perfect phalanges of the rhinoceros, calcined in a 
similar manner discovered in Winter’s gypsum quarry at the 
depth of 18 feet from the surface. These pieces are particularly 
deserving of notice, as beneath them, at the depth of ei.rht feet 
further, were found the human bones mentioned under No. 9 of 
that list. 

9. Single fragments of thigh and hollow bones of the same, 
•from Fnedemanri's and Winter’s gypsum quarries 

10. Very large fragments of the tibia of the rhinoceros, with 
the apophysis perfectly preserved, comjdetely deprived of animal 
gluten from the limestone quarry near Politz, not far fiom 

11. A fragment, probably belonging to the hbula of the rhino- 
ceros. 

It is very remarkable, as has been already observed that these 
bones should have suffered such different degrees of change 
and m this respect, the tooth No. 1 is particulady distinguislmd’ 
retaining still in part the perfect enamel. It deseVves the greati 
attention, as it is deeply worn by mastication, being obfiouslv 
the tooth of an old animal. It is probably owing to tfiis circum- 
stance that It so new y apiiroaches in form the tooth of the 
recent rhinoceros. A1 the other bones coincide fully wiS I e 
delineations of the fossil rhinoceros given by Cuvier ^ 

Ihe fossil bones of the deer tribe, found In the Kiistritz quar- 
ries, are also m the same manner highly calcined. With respect 
to some of them. It remains doubtful whether they belonrto 
or to animal, of . ha ancient »orld. MVcollecIi^ 

1. A large fegment of the left scapula of the elk, which is 
obviously much greater than that of the recent elk. and hence it 
^ b«^ong to the alee gigantea. From Winter’s 
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2. Four larg« fragments of the lower halves of very thick deer’s 
horns, partly with the coronets adhering, and several very long 
branches. They are not sufficiently perfect to ascertain with 
certainty whether they apptfrtain to the elk, or to other species 
of deer. 

3. Similar fragments, of a smaller size, which may be referable 
to recent species. 

4. Fragments of hollow bones, apparently belonging to the 
deer tribe. 

6. A metatarsal bone of the right foot of an animal of the 
deer kind, which seems most nearly to resemble that of the roe ; 
but it may have belonged to one of the antelopes, which, how- 
ever, is mere conjecture. From Kornmann’s quarry. 

The remains of the deer tribe enumerated above were found 
partly in the gypsum quarries in the vicinity of Kbstritz, and 
partly in those of the limestone near Politz. 

01‘ the horse, several large pieces of bones have occurred, 
which perfectly agree with those of the existing horse ; and the 
fragment of a jaw, which contains six teeth, appears also rel’er- 
able to the recent species. On the other hand, single teeth are 
sometimes met with, which are of a much greater length, and 
more curved in their form, and there can scarcely be a doubt 
that they are derived from the horse of the ancient world. 

In the same manner, the bones of the oje tribe, of which the 
number found is rather considerable, coincide fully with those 
of existing s])ecies ; and although some of them are remarkably 
thick, this distinction is not sufficient to claim for them an origin 
in the ancient world. It seemed, therefore, superfluous, as in 
the case of the bones of the horse, to dovscribe them separately. 

That the bones of the rhinoceros, of the deer, horse, and ox 
tribes, should, be found in common in so many places, is a phe- 
nomenon tliat deserves particular attention. A similar occur- 
rence has been again lately observed by Cuvier in the neighbour- 
hood ofQuercy. 

Rudolphi has not ventured to decide upon the fibula of an 
unknown animal, found in Winters gypsum quarry. By some, 
it was supposed to belong to the palaeotherium of Cuvier, though, 
it would aj)pear, on insufficient grounds. I have, hovyever, in 
my possession, a tooth, which was met within the beds of calca- 
reous tufa near Meissen, that was considered by Rudolphi him- 
self from the first as answering to that of the paleeotherium ; and 
this animal, thus occurring, as it seems, in alluvial tracts, it is 
at least possible that its remains may also be found in the cavi- 
ties filled with loam, in the neighbourhood of Kbstritz. 

Of beasts of pret/ found near Kbstritz, my collection contains : 

1. Two considerable fragments of the right and left lower jaws 
of the hyaena, containing several molar rflid canine teeth, and 
the tusks. They perfectly correspond with the delineations of ' 
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Cuvier. The magnitude and strength of these .remains prove 
that they belonged to a larger species of the ancient world. 

2. Two fragments of the lower jaws of a large animal belong- 
ing to the cat family, with remains of the tusks and canine teeth, 
probably referal)le to the jaguar of the former world. 

3. Single tusks of the same animal. 

4. A tusk wliich seems to belong to the bear found in caverns. 

All these bones were discovered in the quarries of the superin- 
cumbent limestone near Politz, excepting some of the tusks 
which were met with in those of the gypsum. 

1 now proceed to notice the bony remains of the smaller land 
animals^ which evidently belong to well-known species of the 
existing creation. There are a few, however, respecting which 
some doubts remain, and which 1 shall particularly notice, as 
requiring a strict examination. 

I. Cervical vertebree of the fox (can. vulp.) 

• 2. The right lower jaw of a young dog, much calcined. The 
form and position of the teeth, however, which approach to 
those of the marten (mustela martes), excite some doubts. 

3. The os occipitis, and dorsal and cervical vertebne, of the 
weasel (mustela vulgaris). They deserve the greater attention, 
as similar remains are found also in the beds of calcareous tufa 
near Meissen. 

4. A fragment of the right lower jaw of the shrew-mouse 
(sorex araneus). 

5. Five pieces of the lower jaws of very young moles, in a 
very calcined state. The form of the jaw, however, ditlers con- 
siderably from that of the recent species, possessing at the ante- 
rior extremity a prominent hook-like process. Hence Rudolphi 
is of opinion that they require further investigation. 

(). The os sacrum of the hare (lepus timid). 

7. A skull nearly complete, and single upper and lower jaws, 
ofUie hamster (iiiiis cricetus). 

8. A lower jaw of the squirrel (sciurus vulg.\ 

9. A lower jaw of a similar animal, but somewhat different, 
which demands further examination. 

10. A lower jaw of the field mouse (mus terrestris). 

II. Several lower jawlB of the rat (mus rattus). 

12. Ffcmora, tibim, and phalanges, of the common domestic 
fowl. 

13. Bones of the first toe and middle toe of the owl (strix 
bubo). 

14. A fragment of the os femoris of another species of owl. 

15. Several bones of frogs, some of which are of a large 
size. 

The bones of these smaller animals also betray for the greater 
part a high antiquity, •although, like the other bones, the degrees 
of change wd:^jch they have t^idergone vary very much. 
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From the whole of the facts now detailed in the present and 
my former communication, it is quite evident that, in the country . 
near Kdstritz, human bones are found intermingled without order 
with the bones of animals of the ancient world, and with those 
of existing species, and under precisely the same circumstances, 
being firmly enveloped and compacted in the loamy deposit 
which occupies the fissures and cavities of the bed of gypsum 
that occurs in that vicinity. 

It is undeniable that, in Winter’s gypsum quarry, human bones 
were discovered at the depth of 26 feet from the surface, lying 
eight fee below the bones of the rhinoceros there also depo- 
sited. 

The human bones, like those of the other animals, are more or 
less altered, and deprived of their animal gluten. Human bones 
and skeletons have also been found in other places, within the 
tract of the alluvial formations, in the vicinity of the repositories 
of large land animals of the ancient world ; but which have net 
hitherto received that attention which they deserve. 

All these considerations give, on the first view, probability to 
the conclusion, that the other animals were destroyed at the 
same time with man, and consequently that the latter was 
already in existence in this country at the period of the destruc- 
tion of the large land animals ; an opinion which I have already 
advanced. 

Several important doubts, however, arise, when we closely 
examine into the local peculiarities and geological relations of 
other tracts, in which animals of the ancient world are usually 
met with ; and when we also consider that such animals are 
found in common with recent species in the neighbourhood of 
Kdstritz. 

As far as hitherto known, such remains of recent species liave 
not been found in any other place intermingled with those of the 
moi*e ancient,* and still less with the bones of man. No remains 
of the large land animals of the ancient world have been met 
with ill the osseous breccia of the coasts of the Mediterranean, 
which contains, according to the exact determination of Cuvier, 
only bones of recent species. 

All tlie circumstances under which fossil human remains had 
hitherto been discovered in the latest deposits, obviously loespoke 
their modern destruction, and in the greater number *of the 
recorded instances, implements and utensils were found in tlieir 
vicinity, e. g. in Guadaloupe, near Pabstdorf, Burgtonna, &c. ; 
and in the case of the first place, it is nearly proved, that a bury- 
ing ground of the Caribs exists there, which is now w ashed by 
the sea, and covered with its deposits. All other reported 
cases of the occurrence of human remains in more ancient 

• 

* To this position, the Kirkdale cave in Yorkshire, in wliich extinct and existing 
Npecics occur togctlicr, aj)pears to afford a direct^nswer. (See Prof. Buckland*§ lumi* 
nous view of this question, in the paper already adverted to.)— T. W. 
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strata^ or in caverns, accompanying the bones o£ beasts of prey, 
have not been confirmed on a closer investigation ; and, accord* 
ing to later inquiries, it appears even probable that the bones 
and skulls of men found in beds of •calcareous tufa, have been 
lodged there in an accidental maimer. 

It is also to be remarked, that the remains of the large land 
animals are always found in very low positions, in plains, on the 
banks of rivers, or in deep valleys, dells, and the concavities of 
hilly ranges, deposited in the alluvial strata, which is also the 
case in tne Kbstritz district ; and it is obvious that they were 
here destroyed, and partly swept into such positions, by the 
concurrence of great floods. It is, moreover, highly probable 
that in these operations land floods were the agent, and not the 
sea. But then the attendant phenomena ought to be uniformly 
the same. If the remains of man, now found commingled with 
those of animals of the ancient world and of the existing crea- 
tion, were destroyed with them at the same time, we ought to 
find human bones distributed in all parts of the alluvial tracts.* 
But this phenomenon has as yet appeared only in the loamy 
deposit in the Kbstritz gypsum, confined to a narrow space, and 


under peculiar circumstances. 

The principal of these circumstances are the following : The 
narrow valley which extends from Kaschwitz toward Kbstritz 
is bounded on the eastern side, near Politz, by a much more 
considerable range of eminences than on the other side, which, 
though gradually becoming more elevated toward Jena, is par- 
tially interrupted by dells and circular concavities. The deep 
narrow valleys and defiles* prevailing in the neighbourhood of 
Jena, in the valley of the Miihl, and further tow ard Drackeudorf 
and Kbstritz, clearly show the power with which the ancient 
waters raged, when those channels were excavated in which at 
present flow the Saale, the Elster, and the adjoining smaller 
streams. It is manifest that during the course of this operation, 
large tracts of the limestone superincumbent on the gypsum, as 
well as of the new red sandstone, were torn and swept away, 
and that the gypsum, thus laid bare, was repeatedly covered, 
and its cavities filled, with the sediment of the waters, the exist* 
in^ loamy soil. 

That* the bones of the same species of animals, as well as 
human bones, should be found without order at different 


depths, and even immediately under the vegetable soil, lying 
upon the superior strata of the gypsum, is a circumstance tend- 
ing rather to confirm than refute the idea of repeated depositions. 
In the same manner, to find animals belonging to very diflbrent 
epochs, assembled only in the gypsum, where situated in the 


* This xurgument proceeds on the assumption that the human race had overspread the 
whole face of the earth, at the period of the formation of the alluvial tracts. The phy- 
ical evidence, il>wever, hitherto obtidned from the investigation of those tracts, seemi 
to indicate the contrary .—T. W. 
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lowest position, eeems to indicate floods in more recent times ; 
more especially, as no animals of the existing creation have been 
found in the cavities of the superincumbent limestone,* placed 
on a higher level. These cavities, which are filled with the same 
loamy soil, seem to have been the repositories of the bones of 
beasts of prey, in the same manner as the caverns of Scharzfeld, 
Liebenstein, &c. and these bones appear to have been swept 
away by later floods, and deposited singly in the cavities of the 
gypsum, situated upon a lower level, and which presents in this 
spot the form of a basin, being one of the lowest positions in the 
district- Hence it is highly probable that animals of the ancient 
world, belonging to very different repositories and very diflerent 
eras, reaching in part even to the remotest antiquity, nave been 
here repeatedly brought together, and commingled in later 
periods with the remains of recent animals, and the bones of 
man ; yet in a manner very diflerent from those met with in 
strata of calcareous tufa-i^ This substance, considered as the • 
gradual and tranquil production of great lakes, covering on the 
spot the skeletons of large land animals previously swept thither 
and deposited, appears, for the most part, to belong to the more 
ancient of the alluvial formations; and this high antiquity is 
also evinced by the state of the bones found in the tufa, which 
are perfectly calcined, and also partly petrified. Upon the 
breaking down of the dams which confined the lakes, and the 
outflow of their waters, a part of the land animals buried within' 
their bosom appears to have been carried to a greater distance ; 
and to this cause, and more stormy floods, we may in part attri- 
bute certain depositions of loamy soil, in which are sometimes 
found considerable beds of boulders and pebbles, composed of 
limestone and other substances. In the district of Kbstritz, 
even boulders of granite, of a considerable size, and which are 
foreign to the country, are found in the loamy deposition, which 
occupies the fissures and cavities of the gypsum. 

I’he great diflcrence in the state of c-alciuation exhibited by 
the Keistritz bones, will long remain enigmatical, as well as 
several other of the peculiar circumstances that have been 
adduced ; and I am far from thinking satisfactory the attempt 
which I have made to explain the phenomena. At present, I 
consider it as most probable, that the human bones thus found 
belong to a much later epoch than the large land animals of the 


* This assertion of the author is surprising;, after having stated above that the bones 
of the ox. tribe, found in the cavities both of the limestone and gypsum, are all referable 
to recent species ; while the remains of the horse met with only in the limestone, coin- 
cide, it is said, for the most part, with those of the existing species. — T- W. 

+ The occurrence t)f bones of the common domestic fowl seems, in particular, to 
bespeak a much later epoch ; unless we assume (.notwiihstanding the local peculiarities 
attending them are contrary to the idea), that tliey were carried thither by beasts of 
I>rey, and that the place of their deposit has been subsequently filled, perhaps even in 
the latest period, witli loam, the bones thus beco.tiing enveloped and demented in ita 
mass. 
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ancient world. So much, however, appears Iq be proved, that 
they occur here in a really fossil state, having b^en brought 
thither by great floods at very remote periods. 


I^otc hj/ T. W . — In considering all the natural circumstances 
detailed by 13aroti voii Schlotheiui, following the course of his 
argument, and comparing both w'ith the instructive facts and 
views contained in Prof. Buckland^s paper (which may be valued 
as a model of just induction), the question arises, whether the 
phenomena attending the animal remains found in* the district 
of Kbstritz may not be most consistently explained by ascribing 
them to the eriects of diluvian action.? The existing form of the 
surface, the general distribution of the same sandy loamy soil 
over that surface, extending many miles in every direction, and 
the deposition of jjrecisely the same soil in the fissures and 
cavities both of the limestone and gypsum, containing, it would 
appear, boulders and pebbles of limestone and other sub>stances, 
and even of granite, a rock not to be found /u silUy but at the 
distance of many miles : all these relations seem to bespeak 
the operation of one great cause at one fixed period. Now of 
the animal remains met with near Kbstritz, it is to be observed, 

1. That those which are merely confined to the fissures and 
•cavities of the limeslone are referable to the horse, belonging 
partly to an extinct species, but mostly agreeing with the exist- 
ing horse. 

2. The remains found in the cavities and fissures both of the 
limestone and gj/psum, relate to 

The rhinoceros, an extinct species. 

The deer tribe, extinct, and apparently also existing, species. 

The ox tribe, recent species. 

•' The hyaena, and an animal approaching to the jaguar, both 
extinct species. 

3. While the remains confined to the cavities and fissures of 
the gj/psum consist of 

The bones of man, of the fox, dog or marten, weasel, shrew^- 
mouse, field-mouse, rat, hamster, squirrel, hare, mole, domestic 
fowl, owls, and frogs ; which agree with existing species, with 
some exceptions, however, which appear to require further in- 
vestigation. 

It may be asked, if the wliole of these remains were deposited 
at the same era, whence does it proceed that they are not all 
distributed in the fissures and cavities of the superincumbent 
limestone, as well as in those of the subjacent gypsum? To this 
the natural answer seems to be, that, the limestone occupying a 
more elevated position, the greater mass of animal remains 
would follow the deeper ^current of the diluvian waters, and 
become principally lodged iu the lowest points presented to that 
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current. Now 4;his is precisely the position of the gypsum, in 
w^hich those remains are found. If it be maintained that the 
animal remains deposited in the cavities and fissures of the lime- 
stone and gypsum, belong respectively to different epochs ; and 
that of such as occur in both ; namely, the rhinoceros, ox and 
deer tribes, hytena and jaguar, these were at later periods washed 
out of the limestone, and then de])Osited with the other remains 
in the gypsum, it may be inquired, why were not the remains of 
the horse equally dislodged I And as the fissures and cavities of 
the limestone are described to be entirely filled at present with 
the same loamy depovsit as those of the gypsum, it may also be 
asked, in wliat manner could the former be partly emptied, and 
yet be filled again with the same alluvium at those supposed 
different epochs ? And 1 r)w could the cavities of the gypsum 
have remained empty, while those of the limestone were filled 
during the first of those periods. There appears to be an inconse- 
quence in such a supposition. If, again, it be contended that the * 
whole of these deposits were post-diluvian, it may be remarked that 
this seems to be contradicted by the same loamy soil which occu- 
pies the fissures and cavities of the limestone and gypsum, being 
spread over the whole country to a great extent. It is true, Baron 
von Schlolheim appears to suppose the former existence of a lake, 
whence the waters flowing out, on the bi'eaking down of its bar- 
riers, bones belonging to different repositories and ditt'erent eras 
have beeji coininingh'd and swept together. But lakes, in the 
natural course of things, have a tendency to filling up, by a gra- 
dual accumulation on their bottoms, and not to bursting their 
barriers. Of the former existence of many such inland seas and 
lakes, there is ample evidence in tlie present form of the surface 
of the earth; but the gorges and defiles, by which their waters 
were discharged, clearly show that those channels were exca- 
vated by a mighty power ; and as no physical cause now in 
action could have [iroduced such effects, it may fairly be inferred* 
that it was not post-diluvian. Where then is such a power to be 
found but in the agency of tlie diluvian waters, or in the more 
ancient causes wliie.li operated during or subsequent to the de- 
position of the earlier strata ? 

It is also to be observed, that in the Ikssures and cavities of 
both formations, the remains met with belong partly to extjnct 
animals, and partly to such as agree with existing species. In 
considering the animal remains discovered in caves and in diluvian 
tracts, it ajipcars hitherto to have been tlie practice to confine 
the terms animals of the former, ancient, or antedilu^Pian 
world to such as are now extinct. If the deluge was the great 
agent by which land animals were destroyed ; and if in the 
existing order of beings the races were renewed with certain 
exceptions, we might expect to find in the depositions conse- 
quent to lliat catastrophe, the remainsdjoth of extincfi animals, 
and of such as coirespond with recent s])ecies ; and we do so 
find them, e. g. in the cave, or rather series of caves, lately dis- 
Series^ vol. v. n • 
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covered at Oreston, near Plymouth 5 and that these are referable 
to antediluvian races, appears to be proved by the unequivocal 
circumstances attending analogous remains m the Kirkdale cave 
in Yorkshire. If this be admittefl, it will require the stricter 
caution in distinguishing between diluvian and post-diluvian 
deposits. The satisfactory solution of the general problem, as 
far as it relates to man, is probably to be sought more particu- 
larly in Asiatic regions, the cradle of the human race. Whether 
fossil remains of the recent elephant, rhinoceros^ hippopotamus, 
and hy-dena, are to be found in the diluvium of tropical cliniates, 
becomes also an interesting branch of the inquiry,, since it has 
been conceived that the fossil species of those races distributed 
throughout the greater part of the temperate and frigid zones of 
the northern hemisphere, being different, were by nature adapted 
to those regions, and perished where they lived. In the mean 
time, in a district so highly interesting as the neighbourhood of 
' Kbstritz, it cannot be too strongly recommended to naturalists 
to continue to explore, and scrutinize with all that precision 
which the subject obviously demands, all the natural circum- 
stances under which the various rleposits of animal remains are 
to be found in the fissures and cavities both of the gypsum and 
limestone, as well as in the general tract of sandy loamy soil 
diffused over the surface of that country. In investigating such 
a question, a comparative view of the levels of the country, in 
relation to those deposits, would form an instructive part of the 
inquiry. 


Article III. 

On the Temperature of Mines. By M. P. Moyle, Es([. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Ilelsto?i, Dec. 8, 1S22. 

The difference of opinion evinced by Mr. Fox and myself, 
relative to the augmented temperature of the earth in the descen 
from its surface, seems to have drawn considerable attention ; 
and as strong arguments are brought in support of decidedly 
opposite theories, I consider it but just that the public should 
be in possession of all the facts, sentiments, and experiments, 
to ground theirs. It, therefore, will become necessary to make 
a few remarks on what has been advanced by Mr. Fox and Dr. 
Forbes, in the Transactions of the Cornwall Geological Society, 
as well as that published by the former in the A7mals oJ‘ Philo^ 
Sophy. 

* Some*^few of my easiest experiments you have done me the 
favour of publishing in the Annals for April and June last. 
These experiments^ together with others, formed the substance 
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of my communication to the same Society, and which has been 
published in the second volume of their Transactions, The 
substance of this coiiimunicajiion I conceive it necessary in this 
place to detail, as I shall have frequent occasion to refer to it. 

J hnve since collected some additional facts which, I conceive, 
will tend to strengthen very materially the opinion I originally 
advanced. These shall follow in the second place, reserving any 
comments for the conclusion. 

As it is only by comparing the different results of the experi- 
ments of individuals that the truth, or an approximation to it, can 
b(‘ elicited, I, conceive too much attention cannot be paid to the 
inainier in wliicli these experiments are conducted. With 
respect to the temperatures^now giv’en, wlicre there has been any 
degree oi‘ uucertuinty in tlie result, they have been taken twice 
or (bricc in the same spot, by different methods, such as burying 
ilio iliej iuometcr in the earth, or rock of the gallery, in mud or 
water, lodging in flic gallery, in the full stream of water flowing 
from the veins, by allowing it to remain 15 or 20 minutes during 
each observation, and by the correspondence of two or more 
thermometers at the same time. 

I liave lately ascertained the temperature of three levels which 
have been driv en from (Jronver ditectly under the deepest level 
in Ti eiiowelh (tlic mine alluded to in the Annals for April, p.41G). 
At tlie depth of 124 taihoms below tlic adit level, or 03() feet 
from the surface, it was 57^' ; at 084 feet, 58® ; at 1044 feet, 58®. 
Inve months before, when the miners were at work in the last 
mentioned level, the temperature was 68^. 

In Oatficld copper mine in May, 1822, the temperature of the 
air in the engine shaft at the adit level was 61®. At tlie depth 
of 1002 feet from the surface, it was 77^, and at 1272 feet, and 
480 feet east of the sliaft, 78® ; at 1332 feet, and 600 feet east of 
the shaft, it was 81 ® ; but at the same level, 360 feet west of the , 
shaffs, it was only 78® : neitlier of these spots were working 
places ; but the latter was more contiguous to them than the 
other. At the depth of 1392 feet, in a working part 72 feet east 
of the shaft, it was 80°; and only 24 feet deeper, 180 feet west 
of the shaft, in a confined end, it was 85®. Here the water 
issuing in considerable streams from two small veins, at the bottom 
of the gallery, a few feet apart, indicated the different tempdta- 
turcs of 82® and 86 A®. 

Since the temperature of the different parts of this mine has 
been taken, the jiurnps have been drawn up from the deepest 
part, and the shaft, below the depth of 182 fathoms from the 
surface, has been for some months full of water. At this level, 
the temperature was previously 77®, but a few months afterwards 
(in Sept, last), when the water had risen to the level, its temner- 
ature, a few feet below its surface, was 69® ; and at the dt'pth of 
72 feet in the water, it was 71®. A fortnight after* this, I 
repeated the experiment, and found the temperature, a few feet 
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below the level, C6^ ; and at 12 fathoms, as before, deep in the 
water, 67® ; it having cooled 3* in a fortnight, and 11® since its 
admission into tlie shaft. 

In Crenvcr copper mine, very Ifttle work has been done for a 
creat while. At 300 feet, and 300 feet east of the engine shaft, 
the temperature was 55® ; at 432 feet deep, 56® ; at 492 feet, 
61®; at 617 feet, 62°; at 672 feet, 64®; at 732 feet, 64® in the 
shaft; but in a gallery 360 feet east, only 60° ; at 792 feet, 63® 
in the shaft ; but 1200 feet east of it, only 61® ; at 852 feet, 62® ; 
but at 180 feet west, it w'as 64® ; and at 1200 feet west, it was 

68 ®. . . ^ 

Iluel Abraham is on the same lode as Trenoweth, Crenver, 
andOatfielcl; and is, in almost every part, in full work. At 
1332 feet below the surface, the tenfperatiire was 84®. At 1392 
feet deep, at the extremity of the level, on a Monday morning, 
before the workmen had returned to labour, and where a machine 
was erected for blowing fresh air to the miners, the tluuiuomcter 
stood at 90® ; but a few days afterwards, when a communication 
had been formed, it fell to 86°. At the depth of 1452 feet, it 
w^as, in one gallery, 84® ; and in another (the only spot where 
there w ere no workmen), it was 86°. 

I shall now mention the result of some experiments, to ascer- 
tain the temperature of the water, at diflerent depths, in mines 
which have been long abandoned. 

llerland Coppermine, in Gwinear, has ceased working (exce]>t 
above the adit), 15 years. On the 28th May, 1822, while the 
temperature in the shade at the surface was 64®, and in tlui sun 
74®, I found that of the water running through the adit, 32 
fiithorns deep, 52°; as wc approached ilie engine shaft, it w^as 
increased to 53®; and on sinking two self-registering thermo- 
meters, properly secured in a box with iron weights, the temper- 
ature, at the depth of 10, 20, 40, 60, and lOO fathoms in tlu^ 
water, and 792 feet from the surface’, w^as uniformly 54®. In 
another shaft in this mine, 360 feet iu3rth-west of tlie great 
engine shaft, the water running through the adit was 54® ; and 
at 10, 20, and 40 fathoms deep, 56®. 

On the 8th of June, 1822, 1 visited Iluel Pool and Iliud Rose 
lead mines near ITelston. In the former, the temperature of the 
water, at 10 and at 20 fathoms deep, was 53®. In another shaft 
it was precisely the same. 

Ill Iluel Rose, tlie water in the engine shaft w^as, at 60 hiet 
deep, 53^®; at 120 feet, 53-^^; at 240 feet, 53^-°; and at 300 
feet, only 53®. 4 he time allowed for the thermometer to remain 

at the different depths (except the last) was 10 minutes, which, 
perhaps, was scarcely long enough. 

In Huel Alfred (visited in July, 1822), the temperature of the 
water in the adit, 18 fathoms below the surface, was 56® ; and at 
the several depths of 60, 120, 240, 3()T), 600. and ()72 feet oi 
or 780 leet Irom the surlhce, it \\ as rmiformlv tlie same. 
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Relistiari mine in Gwinear (visited on the same day) is 
reported to have been, when at work, mucli hotter than mines in 
general ; but I found the werter in the adit, 25 fathoms deep, 
only ; and at 10, 20, and 25 fathoms below the adit, it was 
still the same. 

Iluel Aim an old tin mine, 353 feet above the level of the sea, 
is situated in granite, and is on the same lode as Iluel Trumpet, in 
(he parish of Wendron. This mine has not been wrought for the 
last 20 years, but is to be immediately reworked ; and men have 
consequently been employed to open that part of the mine above 
the adit. On* uncovering a shaft, 1 found that I could drop 120 
fathoms perpend iculj^r. This I did with half a liundred weight, 
to whicli was affixed a common bottle properly corked, sealed 
and secured, so that with a small cord affixed, the cork was 
withdrawn after a lapse ol' a few minutes. The water thus 
drawn from the bottom was of the temperature of 52°, and a 
pint of it left only a residuum of l gr. I then sunk a day and 
iiiglit tluirmometer properly secured, as in my former experi- 
nients, and found the temperature at the depth of 30, 60, 120, 
2“10, and at 720 feet, or the bottom of tire mine, uniformly of the 
lemj)crature ol’ 52^. Tlie adit is 14 fathoms, thus making the 
depth from the surface 804 feet ; and the thermometer was 
allowed to remain at tlie Ijottorn of the water for four hours. 

On repeating my experiments on the temperature of the 
water in thf3 llerland mine, I found the heat at all depths, as 
bel’ore stated, viz. 54^^ in the old engine shaft, and 56® in an- 
other about 60 fathoms distant ; and in a third, not before tried, 
tlie v\a(( r was only 52®. 1 was given to understand by Capt. S. 

Grose, who accompanied me, that all these shafts extended to 
nearly the same doptli, Tliis circumstance I conceive rather 
remarkable, and chrarly proves the operation of dill’ercnt causes 
of temperature in a very circumscribed portion of ground. 

At Iluel Franclii.se, a tin and copper lode in the parish of Weii- 
ilron, 313 feet above the level of the sea, and parallel with Iluel 
Trumpet. The water in this mine, which has ceased working 
for about two years, w^as in JNovernber last at the bottom, or 180 
feet in depth, 51®. 

Iluel Nancy is on the same lode, hut half a mile east of*tJ[ie 
latter mine. This mine is about 200 feet deep, and indicated at 
all depths 51® ; w hile the temperature in the shade at the surface 
was 55®. This mine has stopped more than 20 years. 

In making my experiments with the registering thermometer, 
in order to obtain as correct results as possible, 1 always reduce 
the degree of the mercurial one to about the freezing point, by 
sprinkling its bulk with ether, and by raising the spirit one with 
my tongue, bringing the indices to correspolid before each 
immersion. • * 

There appears to be little or no difference in the mean temper- 
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of the same spot in a deep and confined part of a mine at 
work^ in summer or winter; or at least the miners are not sensi- 
ble of any. Capt. W. Teague assures me, that he has often met 
with ice in great abundance in Tin-Croft mine, at the depth of 
318 feet below the surface ; and in such quantities that the lad- 
ders have been impassable ; deep crevices in the walls have been 
completely filled, and icicles hanging abundantly around him. 

As liquid and aeriform bodies convey heat on a different prin- 
ciple from that observed in solids, viz. by an actual change in the 
situation of their particles, instead of an augmentation of their 
bulk, as in solids, in proportion to the absorption of caloric, it 
may not be deemed irrelevant to explain this principle, and apply 
it to the circumstances of the watei;.in a relinquished mine, and 
show how the whole water becomes of an uniform temperature. 

Supposing the greatest temperature is at E, the bottom 
of the mine, and the whole becomes filled with water by 
infiltration from the surface. This water must bring witn | B 
it a medium temperature of the surface, and the different 
strata of earth through which it has passed, which, if of 
less heat than that possessed by the earth at the bottom, 
will of course become heated to the same degree; it, 
therefore, is expanded, and, becoming specifically lighter, 
ascends to the surface, and is replaced by a colder portion 
* from above. This, in its turn, becomes heated and dilated, 
and gives way to a second colder portion ; and thus the 
process goes on as long as the fluid is capable of imbibing heat. 
Therefore, whether the thermometer is sunk to A, B, C, D, or E, 
in an old mine, it must be found of an equable degree. 

M. de Mairan asserts, that the rigour of the cold of winter is 
tempered by the heat imparted to the atmosphere by the earth 
itself, which heat, probably possessed from its origin, is pre- 
• served and renewed by the incessant. influence of the sun, to 
which one half of its surface is constantly exposed. 

Admitting this fact, the temperature oi‘ the atmosphere must 
depend on the capacity of the earth for receiving and retaining 
heat, and for comnuinicating it to the surrounding medium. 
But as the earth is composed of land and water, it should be 
considered that the capacities of these constituent parts, for 
receiving heat are very different. Land, ])articularly when 
dry, receives heat from tlie sun\s rays very readily, but 
transmits it througli its owai substance to great depths very 
slowly ; and, on the other hand, water, by reason of its transpa- 
rency, receives heat very slowly, but dili'uses what it receives 
more readily. 

Dr. Hales found, that in the month of August, 1724, when the 
air and the surface of the earth were both at 88^, a thermometer 
placed only two inches^, below tJie surftxce of the eartli stood at 
85^; another, Hi indies under the surface, indicated 70® ; and a 
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third, 24 inches*deep, stood at 68^. The last two thermometers 
preserved Uie same temperature, both day and night, till the end 
of the month, and then fell to 61°, the earth obstinately retaining 
its heat at that depth, thoifgh the temperature of the air fre- 
cpiently varied. On the 2()th of October, a thermometer exposed 
to the air stood at 35*5° ; but one sunk two inches below the 
surface was heated to 43*85°; another, at the depth of 16 
inches, stood at 48*8° ; and another, 24 inches deep, showed 
50° ; and from the Ist to the 12th of November, when the tem- 
perature of the external air was 27°, a thermometer placed at 
the depth of^ 24 inches, stood at 43*8° ; but from the month of 
March to that of September in the following year, the external 
air was constantly warmer than the earth at the depth of 16 or 
24 inches. * 

From thc'.se experiments, it may be inferred that the surface of 
the earth is much heated during summer, but that the heat ^ 
descends very slowly, a great part of it being- communicated to 
the air ; that during the winter the earth gives out to the air 
the heat which it had received during the summer ; and that 
wet summers are generally succeeded by cold winters. 

Marriotte’s experiments furnish nearly similar results to those 
of Dr. Hales. Hence it appears that at the distance of about 80 
or 90 feet below the surface, provided that there be a communi- 
cation with the external air, or at a less depth if there be no 
communication, the temperature of the earth admits of very 
little variation, and generally approaches to the mean annual 
heat. 

M. Van Swinden has observed, that the greatest cold, and 
even that which is below 0° of Fahr. if it lasts no more than a 
few days, penetrates no deeper than 20 inches, when the earth 
is covered with snow, and not above 10 inches, if no snow lies on 
the surface. 

Sucii facts tend to prove that the heat of the earth does not 
increase as we descend into it; but at the greatest depths, it is 
nearly the same as the mean annual temperature of the latitude. 

The iollowing tabh^ of temperatures, taken by my sell’, will be 
convenient for a general reference, distinguishing the mines at 
wnrk iVom those long sinc(i abandoned; and the medium in 
wliich the temperatures were taken: 
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Secondly, it is* necessary to make a few remarks oil what Mr, 
Fox and Dr. Forbes have stated, trusting that those gentlemen 
will excuse the liberty which I have taken. 

In Mr, Fox’s tables, the irregular ratio of augmented tempera- 
ture is very conspicuous ; as it appears to be as hot at the depth 
of (JOO feet in Cliacewater mine, as it was in Dolcoath at the 
depth of 1440 feet, each being 82"^. In the next place, it is as 
hot at 420 feet in the United Mines, as in Dolcoath at 1200 
feet ; as hot in Chacewater at 480 as at 840 feet in lluel Damsel; 
as liot at 780 feet in Treskerby as at 1380 in Dolcoath, &c, &c. ; 
and hotter in.the United Mines at the df'.pth of 1U80 feet than in 
any otlier mine in the county. From this statement, it appears 
that the temperature of the earth in Chacewater increases 27^ iu 
o40 feet in depth ; while Dolcoath is augmented only the same 
in 1380 feet; and the United Mines the same number of 
degrees in 1080 feet, or exactly double the deptli. These facts 
would iiuluce me to look upon the progressive ratio of heat in a 
difl'erent light from those gentlemen. 

Mr. Fox and Dr. Forbes are at variance in opinion about fixing 
a limit as to the precise point below the surface, for the com- 
mencement of augmented temperature : an examination of aii 
ex])eriment or two will prove the confidence we may place in the 
conclusions of either, 

Mr. Fox commences at 50 feet, and Dr. Forbes at 200 feet, 
lu'low tile surface ; and from the extreme temperature observed 
in our deepest mines, would deduct ()° for artificial and extra- 
neous causi‘s of heat, thus reducing the actual degree at about 
1300 or 1400 1‘eet from 72° to 74*^; and after the ratio of U for 
<'very 50 fect^ it would be at the depth of 10*44 feet, 08°. Now 
re verse the order of cahnilation, and we shall lind Mr. Fox to 
make it 00]°, ami Dr. Forbes, 0(i4-° lor tlie same depth. This 
is the precise depth of the lowest of the three levels driven under 
Trenoweth from Crenver, the temperature of which is actually’ 
only 58°, although a s])ot not in the course of working, yet has 
a distant communication with the mine in general, and at a 
working spot on the same hwel, the temperature is but 68°, after 
being exposed to all the extraneous sources in common. 

Dr. Forbes remarks (and Mr, Fox iu his last communiGation 
says the same), “ hence it follows, that the natural te?nper(Uiirc 
cif the earth iu tiie mines in (Joinwall, at the depths mentioned, 
must be considerably above that of the mean of the climate. 
This conclusion is (!C|ually deducible from many facts which 
have been observed in mines. The most conclusive of these is 
the high temperature of extensive collections of water in aban- 
doned mines, or in parts of mines that have been long since 
abandoned. In cases of this kind, it is impossible to believe 
that the temperature can liave been derived lioni any other 
source than the roc ky walls of the citvity iu vvliicli it is co‘n- 
taiued ; and as these walls could not derive their temperature 



42 Mr, Moi^lc on the Temperature of Mines, [Jan^ 

from any foreign source, the conclusion is equally in favour of 
the natural high temperature of the body of this earth at certain 
denth/^ 

vVill these gentlemen, I would*ask, still maintain the same 
sentiments ? If so, their theory must fall to the ground, as we 
can now clearly prove that these very collections of water possess 
even a less temperature than the supposed mean of the climate ; 
e. g. Huel Ann, and the third shaft in Herland ; one 130, and the 
other 160 fathoms in depth, Ding Dong, Huel Rose, Huel Fran- 
chise, &c. 

The only instances of importance. Dr. F. brings in support of 
this hypothesis, are the following : a large isolated* collection of 
water in Botallack mine is stated to be 62® at the depth of about 
400 feet from the surface. Here it may be necessary to refer to 
his general description, and we find it is an old working full of 
water, 80 fathoms deep below the gallery at 400 feet, and is 
• under the sea. The surface of this water is 62®, while the air 
was 66® ; the heat of this water at the bottom of the ivorking is 
not given. He continues, a still stronger instance, perhaps, in 
support of the same conclusion, is a&rded by the details of 
the other submarine mine Little Bounds. This mine was 
formerly worked to the depth of 500 feet. Of late years, very 
little has been done, and the water has risen to within 40 
fathoms of the adit, where it is kept stationary by the partial 
operation of the pumps. There is thus a permanent body of 
water extending from the depth of 300 to that of 500 feot below 
the surface, and, perhaps, to half that distance horizontally. 
This water, as discharged by the pumps in 1822, is of the tem- 
perature of 56*4^°.” Pray wnat has this to do with the tempera- 
ture of the central part or bottom of the collection ? And yet 
Dr. F. ill nearly the following page, states, that a large body of 
waller resembling the last has accumulated in the okl wrought 
part of Ding Dong mine ; at the depth Of 444 feet below the 
surface, the workmen had just cut through the barrier which 
divided them from this old working, and the stream of water 
which issued forth (and which w^as the bottom of the large col- 
lection), was only 524^®, thus at once proving what is actually the 
case, that, as 1 before stated, it may be as cold at the very cen- 
tre of* the earth as at any distance beneath its surface. 

Ill the next place, 1 do not conceive that their opinion can 
be supported, because Dr. -Forbes’s philosophical reasoning on 
all the extraneous sources of caloric falls short of what is actually 
observed, and that we must attribute this extra portion as derived 
from the earth itself; for I should imagine that there are few 
more difficult prnldems, than a true estimation of the power of 
the infinite sources of caloric in a mine in the full course of 
working. ' 

In luukiiig a few observed ions on the Ibregoing experiments, 1 
luustrcmaik in liie first place, that in mines which arcf at Avork 
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scarcely two plates of equal depth below the surface, and under 
similar circumstances, exhibit the same temperature. As these 
difl’creiices and irregularities of temperature always occur in 
mines which are at work, fliey must arise from adventitious 
causes. I am, therefore, of opinion, that the true temperature 
of any part of a mine in the full course of working is difficult of 
attainment, and that we must have recourse to those mines, and 
parts of mines, which have been long since quitted by the miner, 
in order to obtain any thing like a true datum. 

The hot springs wmch frequently occur, while they prove the 
existence of .causes sufficient to give them their high degree of 
temperature, prove, at the same time, by their rarity, the local 
and adventitious nature of those causes. 

I cannot conclude withdut stating, that I hope those gentle- 
men who have taken such an interest in the present inquiry, will 
not lose sight of it, but avail themselves of every opportunity 
likely to develope this apparently mysterious subject ; and as we 
are in possession of the temperatures of Huel Ann, and the 1 ler- 
land mine, and which are to be immediately reworked, and of 
lluel Abraham, our deepest mine, which report says is about to 
be relinquished, 1 think a favourable opportunity will occur to 
reverse the nature of our present experiments, and thus afford 
by synthesis, as well as analysis, an accurate* statement of 
facts. 1 am. Sir, your obedient servant, 

M. P. Movle. 


Article IV. 

On the Slate of Water and Aeriform Mailer itt Cavil I es found in 
certain Cn/sials. By Sir ilumpliry Davy, Bart. l^liS.* 

There are few inqiiiries in natural science more calculated to 
awaken our curiosity, than those relating to the changes wliich 
tlic matter composing the surface of our globe has undergone. 
The imagination is excited by the magnitude of the operations 
by the obscurity of the phenomena, and the remoteness of the 
time at which they occurred ; and all the intellectual powers are 
re(]uired to be brought into activity to find facts or analogies, or 
to institute expeiiaients, by which they may be referred to known 
i*auses. 

The crystallizations constituting the whole of the rocks which 
are usually called primary, and those found in such abimdance, 
even in the rocks which are termed secondary, prove that a 
c.ousiderable part of the materials of the Airface of the globe 


* From the Transactioiia lor 182 Part If, 
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must have been either fluid or aeriform ; for these are the only 
states from which the regular arrangements of the molecules of 
bodies constituting crystals, can be^. jnodiiccd. 

Geologists are generally agreed that the greater number of the 
crystalline mineral substances must have been previousl)^ in a 
liquid state ; but dilferent schools have supposed different 
causes for their solution ; some attributing this effect principally 
to the agency of water, others to that of heat. 

When, howev(T, it is cousidertKi, that tlie solvent power of 
water depends upon its temperature, and its deposition of sidid 
matters upon its change of state or of temperature ; and that 
being a gravitating substance, the same quantity must always 
beloiig to the globe, it becomes difficult to allow much \Ycightto 
the arguments of the Wernerians or ]N^3ptunists, who have gene- 
rally neglected, in their speculations, the laws of chemical 
^ attraction. 

Tliere are many circumstances, on the contrary, favourable to 
that part of the views of l)ie Huttoiiians or Plutonists, relating to 
the cause of crystallization ; sucli as the form of tlie earth, that 
of an oblate spheroid ffattened at the poles ; the facility wdth 
Avhich lieat, being a radiating substance, may bo lost and dissi- 
pated in IVee space ; and the observations which seem to show 
the present existence of a high temperature in tlie interior of the 
glolie. 

1 have ol’ten, in tlie course of my chemical rosearclies, looked 
for fads or ex[)eriinenfs, wliich might throw some light on this 
interesting subject, but without success, till about three years 
ago; when, in considering the slate of the fluid and aeriform 
matters included in certain crystals, it ai)peared to im;, that 
tliese curious plienonieua might be examined in a manner to 
uffbrd some important arguments as to the causes of* the forma- 
tion of tlie crystal. 

It is well known that water, and all fluids at usual tempera- 
tures, arc more expansible by heat than siliceous or other earthy 
matters ; and supposing these crystals to liavo been foniKul, and 
the water or fhiid enclosed in them, at a pressure and tempera- 
ture not very unlike those of our existing atmosphere, this fluid 
ought fill nearly the same space as when included, and the 
elastic fluid confined with it, siqiposing it non-absorbablc, ought 
to he in the same state of density. On the contrary, if the 
earthy matter and the fluid separated from each other under a 
much higher temperature than that now belonging to tlie sur- 
face, a certain vacuum iiiiglitbe expected in the cavity from the 
contraction of the fluid, and if any gas were present, a consider- 
able rarefaction of it ; and though, supposing a much higher 
temperature on the jsurlkce of the globe, the atmosphere formed 
by aqueous vapour must have had much greater absolute weight, 
which, us liquids are compre!^sible, must have influeuced the 
volume ot the fluid at the time it was enclosed, a circumstance 
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which would render it impossible to draw any conclusion as to 
the exact temperature, yet still the experiments appeared to 
offer, on any view, interesting results ; and I was the more 
desirous of performing them,* as I believe the nature of the fluid 
and aeriform matters included in rock crystals and other silice- 
ous stones, has never been accurately ascertained. 

Having purchased some crystals, and having had others com- 
mitted to my care by the liberality of my Brother Trustees of the 
British Museum, and of my friend Prof. Buckland, I proceeded 
to make the necessary experiments upon them. It will be 
improper for me to take up the time of the Society by a minute 
de\scription of my manipulations. Holes were drilled in the 
crystals by the use of diamonds, generally by Mr. Newman, 
under distilled water, or mercury, tlie gas was expelled by the 
introdiu iion of wires, and tlie fluids included in the cavities 
were drawn out by means of fine capillary tubes, and experi- 
ments were allcrw ards made to determine the space they occu- • 
pied, which liad been accurately measured and marked upon 
the c-rvstal. The chemical nature of the fluid and gas was 
di tcrmincd by processes wdiicli were necessarily difficult from 
the smallness ol* the rpiantities operated upon ; but which are 
too well known to the chemical philosophers of this Society to 
need description. 

The first thrc'e crystals that I examined were from Schemnitz, 
in Hungary ; the cavities that they contained were proved not to* 
l)e permeabh^ to the atmosphere, by exposure to rarefied air, 
alone, and under water, in the receiver of an air-pump, a cir- 
cumstance w hich it was n(?ccssary always to attend to, in order 
to nnulertlio experiment availing. 

A cavity in one of the crystals w’as pierced under oil, three 
under distilled ^Jater, and one under mercury. In all of them 
the (luid rushod in when the cavity w-as opened, and the globule 
of elastic fluid contracted so as to appear from six to ten times 
less than btifore the i‘xperiment. The fluid in all the crystals 
(in tw^o it was minutely examined) w^as found to be \vater nearly 
jaire, containing only a minute portion of the alkaline sulphates. 
'I’Jie elastic fluid, as well as J could ascertain from the very 
minute <piautities I could procure, appeared to be azote, uninixed 
with any other substance. 

The largest ciivity, wJiich w as in tlie crystal put into my Hands 
by Prof. Buckland, contained a space equal to 74*5 grains of' 
mercury; the water in it equalled in volume 48*1 grain mea- 
sures of mercury ; and the globule of air, after the ex]>eriment, 
equalled in diameter a globule of mercury weighing 4*2 grains, 
so that the ehisiic fluid had contracted at least between six and 
seven times. 

In the otiicr experiments, the cavities l)eing mucli smaller, the 
quantities of air and fluid could not be*accurat(‘ly measured ; Init 
there seemed to be nearly the same relation between the space 
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filled by fluid, and that containing aeriform matter \ and in all 
of them the contraction of the globule of aeriform matter was 
evidently greater, and in one instance to less than 1-1 0th of its 
original bulk. 

"riie fourth crystal that I experimented upon was of unknown 
locality; but 1 have reason to believe that it was from Gua- 
naxualo, in Mexico, as it strongly resembled some that Mr, 
IlrulaiKl showxd me from that place. The cavity in it was 
extrc'inely small, and wlien pierced into, under distilled water, 
the globule of gas, fiom being one-eighth of an incli in diameter,* 
diminished so as to be less than l-25th ; so that its rarefaction 
was much greater in this than in the other instances ; the water 
was too small in quantity to be minutely examined ; it seemed to 
be nearly pure, producing a cloudiness barely perceptible iii 
solutions ol nitrate of silver and muriate of baryta. 

It was an interesting point to ascertain whether the same 
circumstances occurred in productions found in rocks which 
have been generally considered as of igneous origin, such as the 
basaltic rocks in the neighbourhood of Vicenza, the clialcedo- 
iiies ol’ which so often allbrd included water. 1 found it much 
more easy to make experiments of tliis kind, and to procure 
specimens, which were abundantly supplied to me from the same 
sources as those 1 have just referred to ; and though some of 
these specimens j^roved to be permeable to the atmosphere, and 
to have been filled with water artificially, yet many occurred, in 
which the sides of the cavity were absolutely impervious to air 
or w atcr. 

The results that 1 obtained were very analogous. Water con- 
taining very minute quantities of saline impregnations, occa- 
sioning barely a visible cloudiness in solutions of silver and of 
muriate of baryta, was found to be the fluid ; the gas was azote, 
but it was in a much more rarefied state than in the rock crys- 
tals, being between GO and 70 times as rare as atmospheric air. 

The quantity of water was to the void spaCe in greater propor- 
tion than in the rock crystals. In the instance in which the 
most accurate experiment was made ; namely, on the great spe- 
cimen preserved in the collection of the British Museum, and 
whicb weighed 380 grains, the quantity of water was 29*9 grains, 
the space occupied by aeriform matter was equal to 11*7 grains 
of water, the volume of the globule of gas at tlie common pres- 
sure was to that of its rarefied volume as 1 to 63. 

It occurred to me that atmospheric air might h*ave been origi- 
nally the elastic fluid included in tliese siliceous stones and in the 
crystals, and that the oxygen rniglit have been separated from 
the azote by the attraction of the water, and a direct experiment 

* I have not thoxight^it necessary to refer to the heights of the barometer and ther- 
mc^aieter in these experiments, ts it is impossible to gain any other tlian general 
results, upon quantities in whicli differences arising from atmospheric temperature and 
pressure, would be quite unapprcciable. 
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seemed to confirm this idea. A chalcedony which had been 
bored was placed in water free from air under a receiver, which 
was exhausted till a portion of gas from the interior of the crys- 
tal had escaped into a propel receptacle. This gas examined 
by nitrous gas was found to contain nearly as much oxygen as 
atmospheric air ; so that tliere is every reason to believe that 
the water had emitted oxygen during the exhaustion. 

I endeavoured to find some calcareous secondary rocks, or 
crystals belonging to them, containing cavities, on which expe- 
riments of the same kind might be made ; but in a number of 
tiials, I have as yet found none impermeable to the atmosphere; 
and the cavities of such, when bored, are always found to coii- 
tnia atmospheric air in a common state of density. 

1 was surprised to find thtit this was the case even with cavi- 
ties in calcareous spar in the centre of a limestone rock ; yet 
these cavities which. contained atmospheric air did not fill with 
water wlieu the stone was placed in water under an exhausted 
receiver. AV lien, however, it w-as dry, and placed in a receiver 
alternately cxliausted and filled with hydrogen, the air that was 
produced by piercing the cavities, was found mixed with hydro- 
gen ; proving tliat the substance of the stone w^as permeable to 
tilastic Iluid. 

1 hope soon to be able to make further researches on this 
subject ; but in reasoning upon the vacuum, or rarefied state of 
the aeriform matter in the cavities of these rock crystals and 
chalcedonies, it appears difiicult to account for the phenomenon, 
except on the supposition of their being formed at a higher tem- 
perature than that now belonging to the surface of the globe ; 
and the most probable supposition seems to be, tliat the water 
and the silica were in chemical union, and separated from each 
other by cooling. • 

Water in the temperature of the arctic wunter is constantly a 
crystallized body. As a fluid, its solvent powers are increased as * 
its heat becomes higlier, and, when elastic, the density of its 
vapour is exalted in proportion to its heat ; so that an atmosphere 
of steam, supplied from an indefinite source above w^ater, would 
render it capable of receiving a very high degree of heat. Lime 
retains water in combination at a heat above 250® Fahrenheit ; 
baryta retains it (even under ordinary pressures) at a strong a’cd 
heat, and fuses with it. It is extremely likely that a liquid 
hydrate of silica would exist, underpressure, at high tempera- 
tures ; and like all liquid bodies in tne atmosphere, w^ould pro- 
bably contain small quantities of atmospheric air ; and such a 
supposition only is necessary to account for tlie phenomena pre- 
sented by the water in rock crystal and chalcedony. 

As, however, steam or aqueous vapour may be considered as 
having a share in these results, if it be supposecl included in the 
cavity, no exact conclusions can be dtawn from the apparent 
degree of contraction of the water ; particularly as tlie late inge- 
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nious researches of Mr. Perkins show, that w^ier is much more 
compressible than was formerly imagined ; and the volume of 
water, however high its temperature, must be influenced by the 
pressure to which it is exposed > so that a certain compressing 
weight may not only impede, but altogether counteract, the 
expansive force of heat. 

Many speculations might be indulged in on this subject, but 1 
shall not at present eiiter upon them ; and I shall conclude by 
observing, that a fact, which has been considered by the Neptu- 
nists, above all others as hostile to the idea of the igneous origin 
of crystalline rocks, namely, the existence of water in them, 
seems to aflord a decisive argument in favour of the opiniou it 
lias been brouglit forward to oppose. 

APPENDIX. 

Since the foregoing pages were communicated to the Royal 
Society, I have made some new experiments on the same sub- 
ject; all of tliem, except two, oflered results of the same kind 
us those 1 have detailed, and upon such 1 sludl not enter ; but 
these two, iVoiu their peculiarity, will not, 1 trust, be thought 
unworthy of a particular notice. 

In examining, with Mr. tleuland, the beautiful specimens of 
rock crystals iu the collection of Charles llampdeii Turner, I^sq, 
I obscj'vcd one crystal wliicli, Mr. lleuland informed me, was 
from La CardcUe, in Dauphiue, that contained a considerable 
cavity, in whicih there was a viscid brownish liquid, resembling 
iu its iq)j)eanuice and consistence linseed oil. As the void space 
or cavity lilled with aerifunn matter appeared ('onsiderable iu 
proportion to the fluid, I expressed a desire to pierce tlie crystal; 
and Mr. Turner, hearing of iiiy wish, was so kind as to gratify it 
in llie must polite and liberal manner, by presenting to mo the 
specimen. With Mr. Newman’s assistance I made the usual 
experiments upon it. The cavity was pyramidal, and nearly the 
third of an inch in diameter. 1 soon ascertained that the fluid 
was not w ater, as it congealed and became ojiacpie at a temper- 
ature of o(j°. Wdicn tlie crystal was ])ierced under distilled 
water, the water rushed in and entirely filled the cavity, so tliat 
no Atliei aerifonn matter but the vapour of the substance could 
have been i)rcsent : the water vvjis rendered wliite and cloudy, 
apparently by tlu^ substance. 1 endeavoured to collect some of 
it lor chemical examination, but it w as too small in quantity (not 
cxjualliug in volume oue-sixili of the volume of the cavity), to be 
submitted to analysis. It swam on the whaler, had no distinct 
taste, but a smell resembling naphtha ; a portion of it taken out 
mixed with the w ater, when exposed to heat acted like fixed oil, 
and it seemed tio have a high temperature of ebullition. It 
inflamed, producing a \vhite smoke. 

Tlie fact, of almost a pet feet vacuum existing in a cavity con- 
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t$iin^g* an expansible but difficultly volatile substance^ may be 
considered as highly favourable to the theory of the igneous 
ori^'in of crystals : the other experiment is of a nature entirely 
di/;erent, though its result mc^j be explained in the same suppo- 
siiJbn. 

In examining a crystal in the collection of the Royal Institu- 
tion, and which from its characters I believe to be from Capao 
d’Olanda, Province of Minas Geraes, Brazil, I observed that tbp 
quantity of aeriform matter was unusually small in proportion to 
the quantity of fluid, in two or three cavities not occupying one- 
teuth or one- twelfth of the space ; and from the peculiarity of 
its motion, it appeared to be more likely to be compressed than 
rarefied elastic fluid ; and in piercing the sides of the cavities, I 
found that this was the case ; it enlarged in volume from ten to 
twelve times ; the fluid was water, but the gas was too minute 
in quantity to be examined. 

It will be inteiestihg to ascertain under what circumstances, 
and in what situations, crystals of this kind are found. If they 
be supposed of igneous origin, they must have been formed 
under an immense weight of atmosphere or fluid, sufficient to 
produce a compression much more than adequate to compensate 
for the expansive effects of heat, a supposition which, in conse- 
quence of Mr. Perkins’s experiments, already alluded to, may be 
easily formed. 


Article V. 

On Grey Whin. By N. J. Winch, Bsq. 

(To the Editor of the Annals of P hilosophy 

DEAR SIR, JSTc'u'castlu-tipou-Tynv^ Dcc,\S^ 182i?. 

Tiioi 011 1 believe it to be generally known to such of your 
readers as have paid attention to the geology of Britain, that the 
workmen engaged in the collieries and quarries of the north of 
England and Scotland apply the term whin not only to basajt or 
greenstone, but to niosL other species of hard stone^yet I am not 
aware that a peculiar rock called by them ^rey ivhin has ever 
attracted particular notice. The rock constituting the stratum, 
or possibly strata in (question, consists of minute grains of hair- 
brown compact felspar or clinkstone, with a few spangles of 
silvery mica scattered through it. From the close cohesion of 
its small particles, it luighl. be mistaken at first sight for clink- 
stone, strongly resembling the w^ell-kiiown rock of lytimlash, but 
by a lens, the granular texture is detected, ai*d the difi'erence 
between them easily proved. Owing to* this compact texture, 
New Series, voL. v. e 
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and the nature of its component parts, it is both heavy and 
toueh requiring a smart blow ofthe hammer to break it. ^etore 
the blowmpe, it fuses without much diflSculty, into a pale-brown 
glass ; it is not magnetic like basalt. At St. Anthon s colliery 
(see Geological Transactions, vol. iv. p. 41 ), the bed lies neaily 
104 fathoms from the surface of tlie earth, and is a loot m 
thickness ; its situation is between a stratum of strong white 
post (sandstone) seven feet thick, and a stratum of blue metal 
(shale, slate clay) eight and a half feet thick. In Walbottle 
Dene, five miles west of Newcastle, a similar stratum creeps out 
by the edge of the brook ; but its thickness or relative position 
cannot there be so accurately ascertained as at St. Anthony 's, vyhere 
a shaft has been sunk through it. Whether this be a continua- 
tion ofthe same bed, I cannot determine; but the high mam coal 
cropping out at llenwell Hills, two miles to the east ol Walbottle, 
and this’bed lying :29 fathoms below that seam, I am inclined to 

consider thenione and the same, notwithstanding the stone is finei 

grained at the latter place ; for all our coal strata rise to the clay 
in succession towards the west and south-west. 

It is by no means improbable that similar beds may be known 
to exist in other districts ; but never having heard of a stratum 
of compact felspar and mica, as a member oj a coal for rnation, 
you will oblige me by giving publicity to this short notice through 
. the medium of your journal. 

I have the honour to be. Sir, 

Your most obedient servant, 

N. J. Winch. 


Article VI. 

Queries on the Plumbago formed in Coal Gas Retorts. 

By the Rev. J. J. Conybeare, MGS. 

(To the Editor of the Annals of Philosophy.) 

MV DEAR SIR, Bath JEaston^ Dec. 15, 182^. 

The very general use of coal gas, and the degree of scientific 
information mostly to be found in those connected with its manu- 
facture, render it probable that for many persons the remarks 
which I am about to offer will possess but little of novelty. As, 
however, I am not aware that this subject has yet been noticed 
in any periodical or other publication, 1 venture to intrude them 
on the notice of your readers, rather indeed in the hope of 
obtaining further information from tho^e who are more compe- 
tent than myself, than df adding much to the public stock. 
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The cast-iron retorts used in the Bath gas works, being, on 
an average, somewhat less than one inch and a quarter in thick- 
ness, are burned throughy as it is technically termed, in the part 
exposed to the greatest heat, in about 18 months. After this 
they are of course no longer serviceable. This destruction is 
effected by the progressive oxidation and scaling off' of the 
metal. The scales consist chiefly of peroxide of iron, and the 
powder which they afford by grinding and washing might be 
applied to any of the purposes for which the crocus mart is is in 
request. It is observable that the portion of cast-iron which 
remains iinoxidated in the parts exposed to a strong heat is 
found to present, on being broken, a texture much more highly 
crystalline than that of the portion further removed from the 
action of fire.* Is this fcfimple development, or is it to be 
ascribed to that mysterious re-arrangement of particles which 
in some other cases appears to take place at a heat short of 
actual fusion ? 

The unserviceable retorts on being withdrawn from their beds 
are found lined with a coating of plumbago averaging the thick- 
ness of four inches. This coating is thickest towards the bot- 
tom of the retort, nearer to its mouth it becomes scantier and 
more intermixed with coaly and fuliginous matter. The general 
aspect of the predominant variety may be thus described : 
CotoiiVy iron-grey, somewhat lighter than that of native ])luin- 
bago ; texture y scaly; struclurcy mammillated, usually in very 
close aggregation ; some specimens exhibit this structure on 
the larger scale ; generally it is discoverable only by the use of 
the lens; hardness, somewhat variable, but always greater than 
that of the best native plumbago ; scratches gypsum, but is 
scratched by calc- spar; lustre of the exterior surface (especially 
where the mammillated structure is distinct), sometimes very 
considerable : lustre ofthe fracture usually but small: the powder, 
uniformly resembles that of common plumbago, excepting that 
it is somewhat less brilliant. 

In anotlier variety, the structure of the mass is stalactitic, and 
its texture, where broken, perfectly compact and uniform; even 
under the lens, this* variety closely resembles some ofthe stalac- 
titic grey ores of manganese, and occasionally exhibits on the 
surface a considerable degree of iridescence. The mass for*the 
greater part gives evidence of its gradual formation, by its slaty 
aspect, and tendency to break with greater readiness in the 
direction of what may be termed its strata. In many parts, it is 
fifty, and the rifts are usually coated with a brilliant deposition 
of a lighter colour than the general mass. Fragments projected 


• For tliis observation, as well as for most of the facts contained in tliis letter, I am 
indebted to the kindness of Mr. Bastwick, Uie intelligent and obliging superintendent of 
the Bath Gas Works. 
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on nitre deflagrate, but not rapidly, leaving after combustion 
traces of iron. Some rude experiments gave me reason to think, 
that the quantity of iron varied in different specimens, and that 
it scarcely amounted, at the most* to the nine per cent, stated 
by Berthollet to exist in native graphite. That the substance 
in question is a true artificial plumbago admits, I apprehend, of 
no doubt. It must be formed plentifully in many other gas 
works besides those of Bath, and must, therefore, in all probabi- 
lity have attracted the notice of persons far better able to inquire 
into its production and properties than myself. In our works it 
has not yet been converted to any useful purpose. In writing or 
drawing, its hardness and general want of compactness render 
it in its crude state altogether unserviceable. When finely pow- 
dered and washed, it might be used iti composition pencils. For 
the domestic uses to which plumbago is applied in coating 
. grates, &c. 1 have found it to answer sufficiently well ; but it is 
objected by the savantcs in housewifery, that it has not a suffi- 
cient lustre, and would, therefore, I suppose, be seldom used by 
them ; but where preservation only, and not ornament, was the 
object,* I have been informed that it has been applied with suc- 
cess to the purpose of covering razor strops. For that of dimi- 
nishing friciion, and for the manufactory of crucibles, furnaces, 
&.C. it would, I should apprehend, answer sufficiently well, for the 
. latter especially. It appears from a paragraph in the article 
Coinage (Supplement to Encyclopaedia Britannica), that the blue 
pots used ill the mint are all of foreign manulkctory, those 
made in this country containing too smalt an admixture of black 
lead. Is this to be attributed to the scarceness of that material, 
or to the want of sufficient tenacity in the English clay with 
which it is worked up, rendering its addition beyond a certain 
point impracticable I 

But whether this substance prove useful or worthless in an eco- 
nomical view, its occurrence cannot fail to strike the more spe- 
culative inquirer us adding one more to the many instances in 
which the unintentional products of art have been found to 
resemble those of nature, and as contributing, remotely at least, 
to throw fresh light upon one of the most controverted points of 
geological theory. Plumbago is well known to be among the 
mo&t infusible of mineral substances. Now in the present cases, 
if not the whole of its mass, at least all those portions in which 
the mammillated structure is discernible, and yet more its stalac- 
titic form, must have been brought to a state of fusion by a heat 
inferior to that at which cast-iron begins to run. Will this be 


* I know not at what price it might be rendered, but as its production is matter of 
necessity, and it is at present considered as useless, the charge could scarcely be high. 
The retail price of the black lead of the shops is per lb. and it is said to be much 
adulterated by the admixture a micaceous haematite obtained near Bovey Tracey 
tC. Devon), wliich must be injurious to its preservative qualities. 



1823.] Prof* Oersted on the Comptessibility of Water. 63 

the better accounted for by the long duration of the heat, or by 
assuming that this compound, like some others, is more fusible 
at the moment when its constituents first enter into chemical 
union. Should it be appreh^inded that no actual fusion whatso- 
ever has taken place, the formation and consolidation of the sub- 
stance by heat without fusion will still furnish the vulcanist 
with a new point of analogy. 

Believe me, my dear Sir, very truly yours, 

J. J. CONVBEARE. 

P. S. The character of some portions of this plumbago has 
struck me as not unlike that ascribed to the points of charcoal 
altered and fused by voltajic electricity, in some late American 
experiments. 


Article VII. 

On the Compressibility of Water. By Prof. Oersted.* 

Prof. Oersted, several years since, laid before the Royal 
Society of Copenhagen some experiments on the compression of 
water, and showed at that time that this nught be ehecled by a 
much smaller powder than is generally supposed, provided the 
instrument was constructed according to the well-known prin- 
ciple, that a pressure acting upon a small surface of an enclosed 
liquid had the eame eflect as a power equally great, acting 
upon each similar part of the whole surface. For the compres- 
sion of water he made use of a large cylinder ofbrass upon which 
one smaller was screwed, furnished with a well-fitted piston. He 
was, therefore, able to show the compression of w^atei by a small 
pow er, quite as w ell as Abich and Zimmermann had done by many 
hundred pounds weight. To measure the power, a tube full of 
air, which was confined by mercury, w^as used, by which pontri- 
vance, of course, the air underwent the same pressure as the water 
from which it was separated by the mercury. According to the 
principle, that the compression of the air is in proportion to the 
pressing power, it was easy to calculate this power. But notwith- 
standing the great strength of the brass cylinder in which tlie water 
was compressed, it was possible that it might have given way, so 
that not only the compression of the water might have been mea- 
sured, but a result obtained, in which the flexibility of the instrument 


^ Extracted from a memoir read before the Royal Society of CJopenhagen, 1 
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was included. In the first experiment of M. Oersted, as well as 
in all those of former philosophers. Canton only excepted, any 
chanj]^e of temperature, which might have happened during the 
experiment, had not been taken into consideration, which, how- 
ever, in several respects was necessary, as it might even be sup- 
posed that heat was produced by the very compression. The 
excellent experiments of Canton, which, in later times, have 
been almost forgotten, were made with the pressure of condensed 
and rarified air. But every condensation or expansion of air is 
accompanied with an adequate elevation or diminution of tem- 
perature ; it was, therefore, to be feared, that this ingenious phi- 
losopher had been deceived by this influence. He found the 
compression of water, at a pressure, equal to that of our atmo- 
sphere, to be between Yo w Vo oVo-iro I'he bulk of the 
water. The experiments of Canton possessed a great advantage 
over all which have recently been made, viz. that the vessel which 
contains the liquid to be compressed undergoes the same pres- 
sure both internally and externally ; so that neither its form nor 
its size can be altered. AVithin a few years, Mr. Perkins, the 
ingenious inventor of the siderographia, has made some experi- 
ments, which have the same advantage as those of Canton ; he 
included the tube of metal in which the water was to be com- 
pressed, in water which was exposed to the same pressure. His 
ingeniously contrived experiments will always be of considerable 
importance, because he has made them with a power which a 
philosopher seldom has at his disposal, viz. a pressure several 
hundred times exceeding that of our atmosphere. It was not, 
how^ever, his intention to ascertain by these experiments, whether 
heat was produced by the compression of water, and what 
influence it had upon the result. Prof. Oersted endeavoured, 
therefore, to contrive an instrument which allowed an exact 
measurement of the compressing power, as well as of the com- 
pression of the water itself, and which at the same time made it 
easy, exactly to ascertain the influence which heat might have 
on the effect. The water which is to be compressed is included 
in a glass tube, «, which holds about two ounces of water : it is 
closed below, and its upper part terminates in a capillary tube, bc^ 
52 French lines long, and of even bore, so that the vessel is like 
a flask, the neck of which is a long capillary tube. On the 
upper end of this tube is a small funnel two lines wide. The 
flask holds 709*48 grammes of mercury, but the mercury which 
fills 24’iS lines of the capillary tube weighs only 96 milligrammes, 
which gives -p-Yovinro length of a line, or, to be more 

exact, 0*000005501 of the contents of the flask. When the 
experiment is to he made, the flask is warmed a little by being 
ke])t for a moraeiit in the hand ; if possible the temperature 
niust not rise above 4 ° cgntigrade. Then a drop of mercury is 
introduced into the funnel, which, while the water in the flask is 
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cooling, will partly sink 
into the capillary tube f 
as deep as the mark 
and separate tlie water in * 
the flask from that in tlie 
outer vessel. This flask 
is now placed into a strong 
cylinder of glass A B C D, 
upon which another smal- 
ler cylinder of brass EFGH 
is fixed. A piston con- 
nected with a screw F is 
moveable in this upper cy- 
linder. If a pressure b^ 
means of this piston be 
exerted upon the water 
in the glass cylinder, this 
will press upon the mer- 
cury, and thus upon the 
water in the flask. As 
soon as the water in the 
flask is compressed, the 
mercury in the capillary 
tube will sink ; and the 
least pressure produces 
that effect. To mea- 
sure the compression, 
the author fastens the 
flask in a cylinder of levid 
dy which bears a scale on 
which one-fourth part of a 
French line is marked, and 
a small glass tube, e J\ 
filled with air, evenly 
bored, serves to mea- 



sure the compressing 

power by the compression of the air. All changes of temperature 
are easily perceived on the narrow neck of the flask rnuoii more 
accurately than on any thermometer ; for an increase of temper- 
ature amounting to one degree (centigrade) makes the water rise 
27 lines, its temperature supposed to be about 15®. If the tem- 
perature is considerably higher or lower, the changes of course 
will be either greater or smaller. The scale being divided into 
one-fourth part of a line, and one-eighth being easily perceived 
by the eye, it is evident that cannot escape observation, 

and that is by no means ditlicult to obse,rve. It is scarcely 
necessary to add, that the temperature of the liquid is to be 
ascertained by a thermometer, at the beginning of the expe- 
riment. If the experiment be made quickly, and no per-^ 
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fion«? mesent beside the observer, the difference in the height 
ofthe^inercury before and after the experiment wi/i geiiera//y^ 
one-eighth of' a line ; frequently, however, oiie-iourtll. in tne 
first case, it announces a change *bf temperature amounting to 
not quite in the second to hardly If the expe- 

riment bo performed slowly, the difference may be one-half, and 
even one line. In every case the mean height between these 
two observations is to be taken. By a long series of experiments, 
of which the most accurate were made at a temperature of 1 5 — 1 G*, 
a pressure equal to one atmosphere has produced a com- 
pression = 0‘000047 of the original bulk of the compressed 
water. Several alterations on the pressure, from one-tliird to 
five atmospheres, were tried, and agreed in proving, //tal Ihe 
compression is in direct proportion to the compressi/t^ power. 
The same result had been deduced by the author from his 


• former experiments, which, however, were influenced by the 
giving way of the metallic vessel ; the cxjjansiori of which must 
likewise be in proportion to the pressing power. 

It seems pretty evident that no heat is produced by this con- 
densation of the water, tlio limit between mercury and water 
being, after the experiment, on ihe same place as before ; the 
insigniheant elevation of temperature must be considered as a 
necessary result of the contact of the observer during the 
•experiment. Even after a pressure of five atmospheres, the 
difference of temperature was not quite general 

neither greater nor less than that, if only a pressure of one atmo- 
sphere had been used. It was, however, possible, that the expan- 
sion of the water when the pressure had ceased, would absorb 
the heat produced before by the compression ; therclbre a 
thermometer of Breguct, on which a difference of -j\, th of a 
degree may easily be perceived, was placed in 'the water in the 
large cylinder, and exposed to the greatest compression which 
could be procured, but not the least trace of any change in the 
temperature was oliscrvable. The manner in which these expe- 
riments of Prof. Oersted agree with those of Canton is reallv 
interesting. The English philosopher liad at G4'^ Fahr. = lo 
centigrade, a conipression of pressure equal to one 
atmos^ihcre, and at d4” Fahr. = 1 centigrade, it w as 
'j'his rather unexpected result may easily be explained by small 
ditrerences in the temj-jeratnre, but it does not, ou either side, 
deviate much from the result Prof. Oersted obtained, which w'as 
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Article VIII. 

Astro}tomical Observation a, 1822, 
lly Col. Beaufoy, FRS. 

Jinshey Heath, near Stanmore. 

Ijatituilc 51° 37' 44*3" North. Ivonptude West in time 1' 20'93", 
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Article IX. 

A nall/sis of (Jraiiite from CormralL 
By Richard Phillips, FRS. L. & E. &c. 

Tins mineral has been found in several of the Cornish mines ; 
the crystals arc sometimes of a yellow colour, more especially 
those which occur in Tin Croft copjier mine, near Redruth ; 
wliile in Gunnis Jaike copper mine, at the eastern e.xtrcmity of 
the county, it is met wilh of a beautiful deep-^reeii colour. 

Tlie primary crystal of this substance is a right s(|uare prism, 
and there is no diiference in this respect between tlie yellow and 
green crystals; the modifications of this form, with their 
varieties, have l)een described l)y my brother (Mr. W.*l^liil- 
lips), in the third volume of the Geological Transactions. 

Both varieties of uraiiiie have been subjected to cliemical 
examination by the late Rev. Mr. Gregor. With respect to the 
yellow crystals, he states (Phil. Trans. 1805), that beside oxide 
of uranium, they contain some lime, silica, and oxide of lead ; 
and, he observes, that the green crystals difibr in no respect 

• 

* According to the Nauticul Almanac, the imiiicrsion of this satellite should have 
taken place at 17'^ 55'^; but although I placed the telescope at 17*^ 09' the 

eclipse had previously occurred. 
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from the yellow, except in containing a little of the oxide of 
copper."’ This opinion is confirmed by the identity of the 
crystalline form already noticed ; Mr. Gregor states, however, 
that he had not a sufiicient quantity of the crystals to allow of 
subjecting them to a rigorous examination. Since this period, 
Mr. Gregor has given an analysis of the green crystals in the 
fifth volume of the Annals^ according to which they consist of 

Oxide of uranium, Avith a trace of oxide of lead , . 74-4 


Oxide of copper H‘2 

Water 15*4 

Loss 2*0 


. 100-0 

M. Berzelius, inhisNouveauSy»temeMineralogique, has given 
an analysis of the uranite of Autim: he says, have found that 
this mineral is a compound of oxide of uranium, with lime and 
water ; in fact, that it is a true salt with a base of lime in wdiich 
the oxide acts as an acid."’ He further states, that the oxygen 
of the uranium is three times, and that of the water six times, 
the oxygen of the lime ; there is, however, he observes, a slight 
excess of oxide of uranium and of water. The results of this 
analysis are thus stated : 


Lime 6*87 

Oxide of uranium 72-15 

Water 15-70 

Oxide of tin 0*75 

Silica, magnesia, oxide of manganese. 0*80 
Matrix 2*50 


98-77 

The same mineral,” continues Berzelius, is met with in 
Cornwall, but it is of a very fine deep-green colour ; this colour 
is owing to the presence of a certain quantity of arseniate of 
copper, wdiich is an accidental admixture. When this uranite 
is treated with soda by the blowpipe, it gives white metallic 
globjules, composed of arseniuret of copper.” 

With the intention of procuring some peroxide of uranium, I 
dissolved a quantity of the green uranite in nitric acid ; tlie 
oxide of uranium was precipitated by ammonia, and the oxide 
of copper dissolved by excess of it. In order to free the oxide of 
uranium from any arsenic acid which it might contain, I boiled 
the precipitate in a solution of potash; on -adding a portion of the 
filtered solution to nitrate of silver, an abundant yellow preci- 
pitate was formeci, Avhich had the apoearance of arsenile of 
silver ; but as arsenious acid does not, believe, exist in nature 
combined with any metallic oxide, and as also the mineral iu 
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a uestion Tiad been dissolved in nitric acid, it was evident that 
\e yellow precipitate could not be arsenite of silver. 

As phosphoric acid is well known to afford ayellow precipitate 
with oxide of silver, I suspected the presence of this acid, and 
1 found that the alkaline solution gave a blue precipitate with 
sulphate of copper ; and when it was saturated with an acid, 
mixed with ammonia and muriate of magnesia, the well-known 
minute crystals of phosphate of ammonia and magnesia were 
formed. 

Under these circumstances, it appeared to me worth while to 
subject the uranite to another analysis, and I proceeded as 
follows : 

One hundred grains of the green uranite of Cornwall were dis- 
solved in dilute nitric acid; half a grain of silica remained 
undissolved. In attemptingjto saturate the solution previously 
to adding nitrate of lead for the separation of the phosphoric 
acid, I found that precipitation occurred long before sufficient 
potasli had been added. As this free nitric acid would dissolve 
the phosphate of lead formed, 1 decomposed the nitric solution 
by boiling it with excess of potash, and then having added 
excess of acetic acid to the alkaline solution, nitrate of lead gave 
an abundant precipitate of phosphate. 1 prefer acetic acid for 
this purpose to nitric, because as acetic acid has scarcely any 
action upon phosphate of lead, it is not requisite to take the 
trouble of avoiding slight supersaturation. 

The phosphate of lead tlius obtained, after w^ashing and dry- 
ing, weighed 80 grains, equivalent, according to Dr. Thomson, 
to 16 grains of phosphoric acid ; the oxides of uranium and 
copper were redissolved in nitric acid, and the solution being 
added to ammonia, the oxide of copper was dissolved, and that 
of uranium precipitated ; tlie latter, after washing and drying, 
weighed 60 grains, and the oxide of copper, after ebullition with 
potash, weighed 9 grains. The ammoniacal solution contained 
no lime. It appears, therefore, that 100 grains of this substance 
contain 

Silica 0-5 

Phosphoric acid 16-0 

Oxide of uranium 60* 0 

Oxide of copper 9d) 

Water 14*5 

100-0 

I attempted to determine the quantity of water by direct 
experiment ; for this purpose 50 grains of the mineral were 
heated on a platina crucible by a spirit lamp, 8*5 grains w’^ere 
lost =17 per cent. This experiment was repeated with a pre- 
cisely similar result, and no further loss was occasioned* by 
exposing the mineral to a strong red heat. If, however, we add 
17 to the acid and oxides, there will be «iu excess gf 2-6 over 
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th^ 100 grains submitted to analysis. Suspecting, therefore, 
that some phosphoric acid had been volatilized with the water, 
I held litmus paper over a further portion of the mineral while 
subjected to the heat of the lamp I found that it was reddened 
during the expulsion of the last portions of the water, and tur- 
meric paper, which had been reddened by ammonia, had its 
yellow colour restored by the phosphoric acid thus volatilized. 

M. Berzelius, it has been already stated, attributes the green 
colour of this mineral to the presence of arseniatc of copper. In 
order to examine this point, Mr. Children was good enough to 
submit some crystals to the blowpipe while I was present. 
When crystals without admixture were heated upon charcoal, 
not the slightest arsenical smell could be perceived by either 
of us; but when the ore was pulverised and mixed with bicar- 
bonate of soda, and strongly heaijbed in the reducing flame on 
charcoal, a slightly arsenical smell was discoverable, but no 
fumes were visible. As, however, this ore contains so large a 
portion as nine per cent, of oxide of copper, the arsenic acid, 
combined with it, would be detected with the greatest facility. 

Still further to examine whether the oxide of copper is in 
combination with arsenic acid, I supersaturated some of a 
nitric solution of the mineral with ammonia. By this the arse- 
niate of copper would be dissolved, and the phosphate of ura- 
.nium precipitated without decomposition. 1 boiled some of 
the ammoniacal solution with potash, and added nitrate of 
silver to the filtered solution ; a yellow precipitate was obtained 
having a scarcely perceptible tinge of red, instead of being of a 
deep-red colour, as would have occurred if arsenic acid had 
been present in suflicient quantity to form arseniate with the 
oxide of copper. It is, therefore, evident, that the oxide of copper 
is in the state of phosphate, a circumstance which is likely to 
occur, when it is known that the mine which produces the ura- 
nite also yields phosphate of copper. 

It is difficult to determine in what state of oxidation the 
uranium exists in tlie mineral ; but as it is acted upon during 
analysis by nitric acid, and as I found by direct experiment that 
when dissolved in nitric acid, and heated to redness, it gained 
no weight, I think we may conclude, that it is procured in the 
stater of peroxide, and 1 shall consider it as existing in this 
state in tlie ore. 

According to Dr. Thomson, hydrogen = 1 ; the atom of 
peroxide of uranium is represented by 137, and that of phosphoric 
acid by 28 ; 60 w ill, therefore, combine with 12*2 of phosphoric 
acid, forming 72*2 of phosphate of uranium, and there remain 
3*8 of phosphoric acid to combine with 9 of peroxide of copper ; 
but as phosphate gf copper is composed of 80 oxide and 28 acid, 
or 1 atom of each, 9 of oxide will combine with only 3*1 of acid, 
leaving an excess of 0*7. 

Supposing the phosphate of uranium to be combined with 
three ajoms of wateJl', and the phosphate of copper, as deter- 
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mined by Mr. Lunn,* with two atoms, the mineral will appear 
to consist of 


Silica 0*5 

Phosphoric acid . 15*3 

Oxide of \iranium 60*0 

Oxide of copper 9*0 

Water 13*8 


Loss 


98*6 

1*4 


100*0 

Neglecting the silica, wp may consider the ore as essentially 
composed of nearly 


Phosphate of uranium 73*2 

Phosphate of copper 12*3 

Water 14*5 


100*0 

On comparing the results of this analysis with those obtained 
by Mr. Gregor, it will be observed, that the quantity of phos- 
]ihate of uranium in 100 parts of the mineral diflers only 2*2 
from the weight of what he considered to be pure oxide of 
uranium. It is indeed evident that in his mode of operating, he 
precipitated, dried, and weighed the acid and oxide in combi- 
nation. 

M. Berzelius seems to admit that the only material difference 
between the uranite which he analyzed and the green variety, 
arises from the accidental admixture of the latter with what he 
supposed to be arsoniate of copper; when also it is observed 
that what he estimates as oxide of uranium, agrees in 
quantity witli the phosphate in tlie green variety as nearly as 
72*15 to 72*2, little doubt can be entertained that the mineral 
from Autuii, as well as that from Cornwall, is essentially com- 
posed of phosphate of uranium. 


* Annals y vol. iii. New Series, p. 179. 
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Article X. 

Proceedings of Philosophical Societies* 

EOYAL SOCIETY. 

On Saturday, Nov. 30, being St. Andrew^s Day, the Hoyal 
Society held their anniversary meeting at Somerset House. A 
great number of members were in attendance at 12 o’clock, 
when the chair was taken by the President, Sir II. Davy, Bart. 

In the course of business, Sir Humphry announced the names 
of the Fellows lost to the Society by death since the last anni- 
versary; among whom were Sir H. C. Englefield, Bart.; Sir W. 
Herschel, Dr. Marcet, Rev. Mr. Vince, Plumian Professor of As- 
tronomy at Cambridge, Dr.C. H. Parry, Sir C. Pegge: and among 
foreign members, M. Delambre, the Abbe Haliy, and Count 
Berthollet. He gave a new interest to this ceremony, by enter- 
ing into a brief but elegant and discriminating tribute to the 
scientific merits of these distinguished individuals. He prefaced 
his eulogies by observing, that the occasion was a particular 
one— that the Society had never before lost in one year so many 
distinguished fellows — that the respect paid to the memory of 
the illustrious dead might, he hoped, awaken a feeling of emu- 
lation among the living ; and that although he was unable to do 
justice to their respective merits, yet he trusted that in all he 
should have to say, the judgment and the feelings of the 
Society would be in unison with his own. 

Sir H. C. Englefield, said he, was an accomplished gentleman, 
gifted with a great variety of information, and possessing con- 
siderable talents for physical research. His knowledge of 
astronomy was evinced by his early work on Comets : he was a 
clear writer — a learned anticpiarian — eminently* distinguished 
for conversational powers — a truly honest man — apd an orna- 
ment to that class of society in which he moved. 

Of Sir William Herschel it was observed by Sir Humphry, 
that the progress of modern astronomy was so connected with 
his labours, that his name would live as long as that science 
should exist : his happy and indefatigable spirit of observation 
was ^)oken of as proved by his discovery of a new planetary 
system, and of a number of satellites before unknown — his 
inductive pow ers of reasoning, and bold imagination, as shown 
in his views of the stellar systems in the heavens — and his 
talents for philosophical experiments, as proved by the disco- 
very of the invisible rays in the solar spectrum. He was a man, 
continued the eulogist, who, though raised by his own efforts— 
hy the power of his own intellect, to so high a degree of emi- 
nence, was spoiled neither by glory nor by fortune ; and who 
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retained, under all circumstances, the native simplicity of his 
mind. His amiable character and \he felicity of his life were 
dwelt on at some length. He died full of years and of honours; 
and, when unable to labour himself, saw a kindred disposition 
and kindred talents displayed by his son. In conclusion, — hia 
mental powers seemed to have acquired such a degree of expan- . 
sion here, as to have become incapable of further elevation or 
extension but in a higher stage of existence. 

Sir Humphry then expressed his regret at the premature death of 
Dr. Marcet, whom he characterized as an ingenious and accurate 
chemist — a learned physician-^ — a liberal, enlightened, and naost 
amiable man. 

Appropriate characters were likewise given of Mr. Vince, Dr. 
Parry, and Sir Christopher Pegge. ^ 

In eulogising the foreign members, the name of Ilaliy was 
spoken ol‘ as one that would always be remembered in the his- 
tory of mineralogy, in consequence of his having established 
what may be considered as a mathematical character in discri- 
minating mineral species. Delambre, the learned Secretary of the 
Royal Academy of Sciences of Paris, was mentioned with great 
praise as an excellent astronomer, and candid and liberal histo- 
rian of his own science ; and an able observer, whose name will 
be for ever associated with the first very accurate measurement 
of an arc of the meridian in France. M. Berthollet was called 
by Sir Humphry the patriarch of modern chemistry. He dwelt 
on his discoveries and labours at some length ; and paid a just 
tribute to the candour and liberality of his mind — to his warm 
and zealous patronage of rising genius, and to his quiet and 
amiable social virtues. 

The President next read the list of members admitted into the 
Society since the last anniversary, among whom were Mr. Dal- 
ton, of Manchester; Dr. Kidd, of Oxford ; Mr. James Thomson; 
and Mr. Rennie. 

He then proceeded to state the decision of the Council respect- 
ing the award of the medal on Sir Godfrey Copley’s donation, 
which, he announced, had been adjudged this year to the Rev. 
W. Buckland, Professor of Mineralogy and Geology in the 
University of Oxford, for his paper, on the Fossil Bones and 
Teeth discovered in a Cave near Kirkdale, in Yorkshire, piinted 
in the Society’s Transactions. 

Prior to delivering the medal to Prof. Buckland, as the present 
was the first time that a paper on a subject of pure geological 
research had been honoured by this mark ol distinction, Sir H. 
Davy gave, in an eloquent discourse, a concise view of the his- 
tory and importance of geological pursuits in general, as well as 
of the interest and value of Mr. Buckland’s recent labours in 
particular. Of this discourse, w'e are happy to present a con- 
densed epitome. , . 

While the phsenomena of the distant stars and other objects 
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of astronomical science bad long been subjects of investigation, 
in consequence of their relations to the seasons and to time, the 
structure of the earth had been scarcely noticed until a late 
period. Cosmogonies, ** or dreajns of the formation of the 
world,^' had been brought forward at various periods, and some 

f eneral views in geology had been advanced by Hooke, Lister, 
trachey,and other early members of the Royal Society, or con- 
tributors to its Transactions; but the commencement of geology 
as an exact science did not take place until about 50 years since, 
when a regular classification of minerals having been effected, 
Pallas, De Saussure, and above all, Werner, further arranging 
this, the alphabet of geology, proceeded to read with it that part 
of the booi of nature ; and the logic of the science was subse- 
quently furnished by chemistry and q/jmparative anatomy. The 
apace of a discourse would not admit even of naming the labour- 
ers, our contemporaries, by whose zeal and accurate spirit of 
observation, the field of geological research had been so success- 
fulW cultivated within the last ‘20 years ; but among them that 
of Prof. Buckland was highly distinguished by his indefatigable 
ardour for inquiry, and by his caution and sagacity in drawing 
conclusions. 

For the purpose of illustrating the sub jects of Mr. Bucklaud’s 
paper, Sir Humphry now gave a general view of the constitution 
of the superficial part of the globe, of the arrangement of its 
constituent rocks, and the distribution in them of organic 
remains : in this he mentioned that he had himself ascertained 
that those remains of the animal kingdom, the position of which 
was geologically the lowest, contained the least quantity of tlie 
original matter of the animals. Although it had been strongly 
suspected that the large animals of the elephant, rhinoceros, 
hippopotamus, tiger, hyama, and other kinds, the remains of 
which are met with in the diluvian strata, were once inhabitants 
of the countries where their bones and teeth are thus found, yet 
this had never been distinctly proved until Prof. Buckland 
described the Yorkshire cave, m which several generations of 
hyaenas must have lived and died. By the industry and happy 
talent for observation of that gentleman, there had been distinctly 
estabHshed an epoch from which to trace the revolutions of the 
globe. Sir H. had himself since visited the cave, in company 
with Mr. B. and could testify to the accuracy of his descrip- 
tion; — announced that the Professor had recently examined 
a number of similar caverns in Germany, and that by the phai- 
nomena of these, he had found his former conclusions con- 
firmed. Sir H. then expressed his hopes that Mr. Buckland 
would communicate the results of his late researches to the 
Royal Society. Two theoretical views might be taken respect- 
ing the animal reftiains in question ; one, that the animals had 
been of peculiar species fitted to inhabit temperate or cold cli- 
mates ; thus, that the elephant and rhinoceros ofBritain might have 
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been avS difterent from tliose of iropical regions as our common 
rattle are I’rom the musk ox of Siberia : in the other liypothcsivS, 
the globe Avas considered to have undergone a change of tern 
perature. Sir Ilinuphry was of opinion that the latter supposi 
tion is the most probal^h^ one : if the 1‘ormer were to be adopted, 
it would be diilicult to conceive how the elephants could obtain 
sufludeiit food in j)olar clinvates, or how the liippopotami 
could havtj inhabited tlieir frozen lakes, lie then eiitered into 
some general views on tliis int(nesting*-subje<‘t, and its connexi(jn 
with tiiat of the chaot ic state of tluj glolx'^, and with tliose of the 
Successive creations of living beings, and the early rev t>hitloiis of 
our planet, until it became at iast fitted for the habitation of man. 

In presenting tlie medal to Prof. Buckland, the President 
desired him to rec^eive it JlIS a tribute of respetit from a body, 
which he belitnaal to be % ery impartial in its decisions, and 
wliich consi<lered tlie actual advance's tliat had been madei in 
science, ratlna* than the nation, school, or i ndividual, by whom • 
they luid been ellicU'd. Sir Hiuiiphry expressed his ht)])es that 
Mr. 11. would enjoy lu'alth to continue his ies(*arc1ies, and that 
his examj)le would stimulate other mcmlicirs ol‘ the Society to 
similar inquiries and labours; lor that gc'ology was abundant iu 
objects of re search, and was most worthy of being pursued, on 
account of its connexion with the useiiil arts, of t.lie hapyiy views 
which it affords of the order of nature, and ol‘ the assistance 
wliieli it hauls to true* religion. 

Sir II, considered tliat tlm scriptural act'onnt of tlie deluge was 
now completely estahlisluM.! from geological grounds; but the 
sciciic(‘ of geology, he maintaijied, sliould l>e studied iu amannc?r 
alt(jgethcr indeinaulent of the authority ol’tbe Sacred Scriptures ; 
for that these, as Ihujon had said long before, merely gave some 
reinarkable facts in the iiistory of the globe, and m>t systems of 
])liilosophy ; — the latt(;r weni left to he framed by tiie incliistiy ot 
man, and by the exercise of his god-like faculty of reason, which', 
in its higlu,‘st sphere, apjiroxiiuates to revelation itself. The dis- 
course was concluded by some a])[)rupriate moral reflections 
arising out of the suhjec.ts discussed. 

The Society tlum proceeded to the election of tlieir officers 
and council I’or the year ensuing, when the following gentlemen 
were chosen. 

Prcsidoit . — Sir Ifiiinphry Davy, !>art. 

Trca.surer , — Davies (iilbert, Psq. MP. 

Secret firics . — William Thomas Brando, Esij. and Taylor 
Ci^inbe, £{<sq. 

Of the Oid Coiotcii. — Sir 11. Davy; W. T. Braude, f^sq*; 
Samuel (loodcnough, land Ihshop of ( Carlisle ; Taylor (J«nni)e, 
JOsq. ; Davitxs (eiibta't, Ms(|. ; Charles TlaleJiett, f]s((. ; J. F. W. 
lierse.lu'i, klsq. ; Sir l^Lverard Liume, Bart. ;*Jolm I^ond, J^sep 
Astronomer Royal; William Hyde Wollaston, JNiD.; Thonliis 
Young, MD. * 

New Series^ voc. v. f , 
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Of the New CounciL — Charles Babbage, Esq. ; Sir Gilbert 
Blane, Bart. ; Charles, Lord Colchester ; J. VV. Croker, Esq.; 
John, Earl of barn ley ; Sir Henry Halford, Bart.; Charles Hut- 
ton, LLD.; Capt. Henry Kater ; W. H. Pepys, Esq.; Joseph 
Sabine, Esep 

The weekly sittings of the. Society had been resumed on the 
7th of November, and had taken place twice afterwards prior to 
tlio anniversary meeting. On the Idth, a paper by the Astro- 
nomer Royal was concluded, entitled, An A[)pendix to a for- 
mer Paper, on the Changes which apjicar to have taken Place in 
the Declination ol‘ some of the |irincipal fixeal Stars.” Air. J^ond 
stated in this pa|^fa' that he luid obtained results conlirniing 
those given in his last communication. 

A jjaper, by tlie same gentleman,* was also read, On the 
Parallax of a Lyim.” In this, the absolute paralla.x of the star 
in (jiHJstion was stated to be a very small fraction of a second. 

Slav. 21. — The Croonian lecture was commenced, entitled, 

Microsc-opical Observations on the Suspensions of innsculav 
Motion in the A'ibrio Tritici,” by b^*aucis Ikiiier, bLsq. EPiS. 

Dec. f). — Th(^ C roonian lecture was com lufled. The cani<.nis 
animal described in this paper is llie cause of a particular disease 
in wheat, at first thought to be peculiar to Kent, and was disco- 
veriul by the author in 1807 while engagorl in the Investigation 
, of till! various diseases to whicl) that spi'cit's of corn is subject. 
In the ears diseased by it, some grains wen* quiti* ripe and dry, 
while otiiers, ijuite green, were unimpregnateil germs. *^1 hey 
contained cavities liiujd with ti fd>rous sidjstanee, every fdrni of 
whieh was a vi'rv minule worin. These worms wide]), wlien 
moistenetl, wi re* in 'active motion, alU!r being dry, and appa- 
rently diaul for five days, wlieu again moistened, were in aelive 
motion as bctovca Mr. Hauer coneeived that iluir spawn or 
pggs must bavi! bicn introduced into the germs by tlie sap, as 
lu' had ascertained wa.s 1 be ease witli the mi'nute I’ungi whieh 
produei* in wheat the discjase called s/iuU. He sowid some 
infc'Ctcd giains, and souk* wilh the smutty inlection in addition ; 
and in the* I'iirs subseipumlly jinaiuced from them I'ound both 
diseases eo-oxistipg; Ou! eggs in these ears, he found, were of 
till! third general uni. 

'ihe W(.'nus are amuduse ; h;iv e a prol^oseis of fiair or five 
Joinhg which they extend like an opera-gia^s ; and have a 
clawed tail. JTey are rall-er enarjue mi the back, but more 
transjuirent on ti:e lieliy, tbrouedi winch an* sca n in them whole 
strings o( eggs. Near t!<e tail is a eircu.lar apertuve with a 
llc’shy rim, tlirougii iiich tiicir (‘ggs are exmh.al m strings of six 
or sc!ven at a time; as each egg eomirs fortli, t.he tail i.s ele- 
\aied w'idi a fpii^dc motu^n. '1 ho* eggs (er i ather envedopes of 
tin; foele! worm) ajc in some* dc'gree tran‘>j;are’*l , and appear to 
1).! tnmeatrd at lir.^t ; lent they soon emit water, a.iid assume an 
oval figuie, a little narrowed in the midddc; tliey are about 
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l-30()th of an inch in length, by between l-800th and l-90()th 
ill width ; in one hour and a half after exudation, the young- 
worm peeps out, and by twisting about, and other active 
exertion, wholly extricate.^ itself in about an liour more. 
The worms just extric*ated from the eggs look like fine glass 
tubes full of w ater, wdth air-bubbles corresponding to the annuli 
of the older ones, but no imhmtations. The large egg- 
bearing WH)rms, which w ere one-l’ourlh of an inch long by l-80th 
wide, have no other molions than those of moving their heads 
and tails ; they present no external marks of sex, and are consi- 
dered to be hermaphrodites. In the grains which also contained 
smut, there wore two or three large worms surrounded with 

t>o’o*s 

Some oftlieso worms we^c revived in wlieat which had been dry 
for five years and eiglit, months ; the longest p(‘ri<.>d of revi- 
viseenc(' observi'd, was six years and one month; the large, ^ 
worms do not revive. If kept in water longer than 3o days, 
they all die, and become as straight as needles, but remain a 
v<^‘ry long time witliout decay ing. If merely k(!j)t moist: in a 
watcli-gluss, th(‘y may bo ke[)t alive for thre'o months ; if too 
rimcii water lie ap])lied to them, th(w cannot be so readily 
revived as when a little is used, which soon evaporates ; and 
the long<'r their periods of desiccation have been, the longer 
they rccpiire to be kept moist for reviviscence. 3'hey appear ta 
be pres(*rved by a mucais in w'hicli they are imbeddt'd, and wdiich 
appears to ])e of an oily nature. Ibis, how'ev(!r, remains for 
years wdien the wH>rms c/an no longer be rcviviul. 

Mr. leaner had completed his investigation of the vibrio tritici 
in 1810, and conceived that it had not been noticed before, 
when he met with some references to former descriptions of it; 
tb esc, however,* b<Mng very vague, and his time liaving been 
since occupied with researches of a dilferent nature, he had no 
oj)|jortimily c/f consulting the authors rel'erred to until lately : 
n[)on so doing, he found no occasion to alter any of his conclu- 
sions on the subj(‘ct. 

J)t (\ 12. — On IMctallic Titanium, by W. II. Wollaston, MD. 
VPRS. 

This paper commenced with a revitwv of the results Inthorto 
obtained in experiments on the reduction of tliis iiietul, of wliicli 
even the most satisfactory arc of a doubtful nature ; hence Dr. 
Wollaston conc-cived that an account of some metallic crystals 
of tilunlum would be acea^ptable to the Royal Soc*icty. Jii the 
slag oi‘ the iron works of Merthyr Tydvil, there are minute 
cubes, wliicrb, from being imbedded in and possessing tlie colour 
and lustre of iron pyrites, have been considered to Ik‘ that sub- 
stance. fhey are not, howewer, like the striated cubes of 
pyrites, which often })as5 into the ])eutagonal ilodecahedrou ; 
but have indented siprares on their faces, like the cubes of com- 

y 2 
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inon salt. An aii^lc of one of llicni scraleluHl not only a plate 
of steel, and ground-^lass, but even plates of polished a^ate and 
rock-crystal. They were not a.Tectcd by the nitric, muriatic, 
iiitro-uiuriatic, or sulphuric acids ; and were absolutely infusible 
before the blowpipe, by which their surfaces were slightly oxi- 
dated only, thtur brightness being restored by borax ; tliat salt, 
.however, did not act iii any degree upon the metal, either alone, 
or with tlu‘ addition of carl>onate of soda. By nitre, they arc oxi- 
dated, and they become purple or blue according to the degree 
of oxidation, or to the depth to which it penetrates. In this 
process, heat is evolved, but no pro))er d(^tonation takes place. 
By nitre and borax in conjunction, they may be completely dis- 
solved before the blow pipe, the former oxidating the metal, and 
the latter dissolving the oxide; but as these salts do not fuse 
together, llie process is cxpeditcfl by the addition of carbonate 
of soda. The oxide thus obtained is soluble in muriatic, acid, 
from which it is precipitated white by alkalies and their car- 
bonates ; the solution yields l^y evaporation a. soluble muriate. 
When tins is dissolved, it yields with tincture of galls tlie well- 
knowji gallate of'titanium, exactly like that precipitated from a 
solution of the oxide prepared from anatase. Triple prussiatci 
of potash produces a precipitatcj so lUiarly resembling the 
gallate in colour, that in a numbcir of trials, no constant differ- 
enc.e bi'tsveeu them could be detecUal. The crystals are 
titanium absolutely \n\vv : though found in the vicinity of 
in(4alli(^ iron, they contain none; of tliat nuital, nor do they 
contain silica, for which the oxide of titanium has a strong 
aflinity. It was impossible to ascertain the specihe gravity of 
crystals not more than 1 -lOtli of an inch square ; hut Dr. Wol- 
laston endeavoured to ascertain wlu'.ther or not they w ould float 
in melted tin, and attempted to tin tluur surfaces ibr that pur- 
.pose ; but they refused to unite w ith tliat metal, nor would they 
couiblne with iron, silver, or copper. Tlieir lUstre nearly jiroves 
tlieir metallic nature ; but this is compleUdy demonstrated by 
their ])erfe.ctly t^ondllcting very feeble electricity. Ifya sniail 
slip of'/inc, in contact with one of copper, be iminers(‘d in dilute 
sulpliuric acid, bubbles of gas wall rise from both metals; but 
if a iioncoiiducting slip of paper be interposed, the bubbles 
(Miase to be given oH‘ by llie copper. Now a small hole being 
made in the paper, and a cube of the titanium insertefi, the 
communication was made perfect, and bubliles of gas w ere given 
off from both metals. This interesting ])aper was concluded by 
iJie remark, tliat the iufusilidity of tlu‘se cubes of titanium 
t^viiiced, that, they wajre not formed from a state of metallic 
fusion, but by successive increments IVoin tlie reduction of the 
oxide in the slag\; in which manner we must likewise explain 
llu' formation in nature of many metallic crystals. 

On the Difference^ of Structure between the llumun Mein- 
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braiiii Tympani, and that of the Elephant ; by Sir E. Home, 
Bart. V PUS. 

In 1799, Sir Everard discovered the nmscular structure of the 
mernbrana tympani in the elephant, and tliis discovery had led 
to that of the same membrane in the human ear beino* also mus- 
cular. lie had likewise inferred that its oval shape in the 
elephant was the reason why the ears of that animal were not 
ali'ected by musical sounds e(pially with those of man, in which 
the membrana tym])ani is circular; the muscular radii being of 
ecpial length in the latter case, and unequal in the former one. 
Since that period, he had laid all his friends in India under con- 
tribution for the head of a young* elephant preserved in spirits ; 
but remained unsuccess fql until lately, when he received from 
Sir T. S. RafHes, to whom the natural history of the east is so 
much indebted, the head of an elephant only three weeks old. 
In this, tlui membrana tympani was in its proper jdace, and, 
measured an inch and a half by an imdi and onc-eiglitli ; the 
radii wtue attaclual lo tb(‘ ])oint and to the two sides ol’ llie 
bundle of tlui malleus, wliicli was situated in a. traiisverse direc- 
tion. Having been informed by Mr. ('orse that tlui cl< pliant can 
luiar very low sounds with gn^at distinctness, the author attri- 
butes this faculty to the long radii of the membrane. Mr. Bri.iad- 
wood leaving sent one of bis tuners with a piano to the eltq)liant 
at Exeter 'Change, it was ibund that the animal S('ar(‘oly 
ait(‘nded to the high sounds, but- lisUaicnl to tlie low ones with 
apparent satisfaction. Some observations on the iiKunbrana 
tympani of various other quadrupeds were likewise given in this 
jiapcir. It was found tliat tiui lion in the aliove menagerie was 
litllc! affected vvitli high musical sounds, hut became (juite infu- 
riatc'd by low ones ; uttering loud yells, which ceased with the 
music. 

Li N N i: A N s o c I i:t y . 

The mee tings of this Society w(?re resume;d on Nov. 5, when 
the reading of a paper was commenc(‘d, eiititliid, Remarks on 
tlu^ Identity of ctutain general l/aws wliieh Iiava^ be(‘U lately 
observefl to regidatci tlie iiatural Distribution of Insects and 
Fungi : ” by William Sharpe Mac Lcay, l^sq. 

Of this extended and profound pap(‘r, which was no’t con- 
<luded until the third imuiting, on Dec.. 3, we can give but a 
brief notice. li relatiul to what may be termed the nuitaphvsics 
of natural history. In tlie Hone Faitoniologicce, a work not long 
since publislied by iVIr. JMac beay, and with which our zoologi- 
cal readers are doubtless acquainted, he has advanced views 
respecting the natund series of animated beings, which, though 
founded on a close attention to their entire sti uc.Uire, may have 
appeared extraordinary as well as novel ; they relate to ajiarticu- 
Jar quinary distribution which he has oliserved of the subjoc'ts of 
the animal kingdom ; and in this paper a very remarkable con- 
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firmatioii of them is announced and explained. M. Fries, in his 
Systema Mycologicuin, published last year, observ es laws ot the 
same kind to obtain in the natural arrangement of fungi, which 
Mr. Mac Leay had pointed out as '^existing in the animal king- 
dom, and as probably extending to all organized beings. In the 
course of the paper, the ditference between (fUniiif and (Uialogt/ 
was philoso])hically exainined and defined. Some observations 
were also made on the hnv of continuity as far as it regards 
organized nature ; in these was shown the distinction between 
saftt(s and hiatus^ which hav^e usually been confounded even by 
the first metai)hvsicril writers. It was remarked that no sail ns 
ever existed in nature, and that where there were tiiey 

had arisen from the extinction of species. Towards the conclu- 
sion, it was stated, that M. Decandofle had lilnwvise observed 
the general laws of natural arrangement which formed the sui)- 
jects of the y)aper ; so that tlu'se laws had thus b(;en pr esented 
to three imlividuals, in diilerent countries, nearly at the same 
period of time. 

JJcc,o , — A Des{'ription of some Insc<‘ts which iip])earto exem- 
plify Mr. W , S. Mac I.eay^s Doctrine of Aflinity and Analogy; 
by the Kev. W. Kirby, FRS. and hLS. was conmuinced. 

JJec. 17. — Mr. Kirby’s paper was conchuuMl, and another by 
the same entomologist, entitled, ‘‘ Some Account of a new ►^'^pe- 
ejes of Eulophus ((jeofiVoi),” having also l)cen read, 

Tlie Society adjourned to Jan. 21, ltS23. 

(iKOLooicAp soci r/rv. 

Nov. 1. — A letter was road from W. C. Trevelyan, Esq. IMGS. 
addressed to PioC. Bue.kland, VPG>S. on the Geology of the 
Ferroc Islands, dated Copenhagen, Dec. 3, 1(S2I. 

Mr. 3’revelyan observes, that the Ferroc* islands appear to be 
of the same formation as that of Antrim and of* the Western 
Islands ; they are litei’ally mountains surrounded l)y water, and 
tire composed of numerous alternations of almost all the varieties 
of trap, vvhieii are so regular, that the hills appear as if they 
were div ided into a number of tcrraci^s : most of the beds are 
divideil from each other by others (gc’ueraily thin), of a red 
colour (sometimes green), perh aps tlie clay ironstone of Werner. 
These' brnls Mr. Ti’e\elyan thinks have not been remarked in 
otlier formations ; noil her a can ious hica-hkc aippearaiua.*, which 
is very frequent, and the alternations extend to the height of 
about 3()()() feet, and in some jiart.s, perpendicular sections may 
be seen of more than 21)00 i'ec l high. Tlie rocks on cleconnpos- 
-ig are seen to be stratified; the strata display surlaces gene- 
ally even, but sometimes waved. Excepting in tlie island of 
Myggeneas, tlie dip appears to be the same tliroughout. In 
that island are some tliin veins of coal. In Sudmxie, a coal 
similar to the Scoti'Ji, but superior, occurs in abaiulanee ; the 
best sections of this are near Ihodboc, where it is seen between 
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two thick beds of a hard greyish clay, which crumbles on expo- 
sure to the air, and vvliich contaizis sometimes numerous nodules 
of a rich ironstone (carbonate of iron). The coal in Suderoe is 
seen rising from the level olVihe sea through an extensive tract 
of country (wliich the author dcsc.rihes), until it reaches an ele- 
vation ol above 1000 feet, T3asaltic veins of various descriptions 
are very freciuent ; sometimes they alter, but seldom dislurby the 
strata they jjass through; tliey are frequently accompanied by 
thick venis of zeoliti^, in a stale exactly resembling thci steatite 
of C(n’nual]. The coal, howeve r, at 'foidneiKes is disturlunl by 
insinuated masses of basalt. Slips are not frequent in Ferroe, 
but a remarkable one is descnbecl in S(nnoe, cavities of great 
Icngtli, perfectly circular, extending in a direct line, and 
inerusted v^ith zeolite, ard common ; one was seen, of which the 
oiH^ side was filled with compact zeolite; the other with clay 
ironstone. Congloiiic'raU-s nrt‘ common ; one only was observed 
of rallcil pebbks, apparenily <>f tlie rocks of tlu; island. In two* 
of tile isl*. nds, a bed of gree nstone, in some })arts columnar, is 
.seen of great e\t(‘nt: if is lOO feet in tliiekiu^ss. 

iSative coiipeu' is very frecjuent, but not abundant, in most of 
tlu' rocks. /V( Famar.isund, in Sudcro(‘, it occurs in clay iron- 
stoni;, in thin j)lates ; in tlie other rocks, it is gemaally erystal- 
li/i'il, IVetjueiitly incloscsl in zeolite. Spi ifniums of most of the 
zt'olite familv were procured, and a variety of tabular calc spar, 
lirsl. found in Ferroe by Sir (J. ilackenzie, and unknown else- 
w luue. 

On his I'eturn, i\I r. Trevelyan, iii ]>asslng from Fliulstraiul, in 
Jutland, to C.'openliagcn, crossed a e.onsiderable extent of* chalk: 
the whole of tlu' country is coveied with large rolled blocks of* 
various piimiti\e rocks. 

IVear J'ludstfaml arc; some beds of sand, clay, and marl, appa- 
rently above tiic* chalk. 

Tile le tter cc/iicludcs with obsca vations on the aurora borealis, 
and witli reasons tending to eoiihini tlie opinion that I^errcje is 
the Thule of the ancdcails. 

TIOVAL c; K(> LOC I c: A J. SOCIKTV <)j' rouNWAi.L. 

.\jutaal of the CoauciL — The ])rogrcss of the 

institution since tlie last anniversary, if not ec^ual to the .wishes 
of its friends, is at least encouraging; thougli tlie Society had 
to regret tlie loss of iheir late; abh^ Secretary, Ur, Forbes, w hose 
professional pursmis occasioned his removing f’rom this e.ounJy ; 
and tlie Chmncil co»nsid(‘rcd it due to the zeal and ability dis- 
jilaycd i>y that, gentleman, to elect him an Honorary iVIember. 

Ihc cabinets have Ijccu enriched by many Nuluuble donations; 
and in parlicailiir by a splendid series of i^iincrals from Mount 
Vesuvius, lor vviiicii thv; Soc-jety is indelited to the kindness of 
their illustrious tou nsiuan, Sir Humphry Jhivy. Tlie value of 
this accession to the iViuseuiii is not a little enhanced by the 
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circumstance of the package having been missing for several 
years owing to the disturbances which occurred at Naples, so 
that it was given up as lost, when it happily reached its original 
destination. 

The collection of specimens in most of the departments of 
mineralogy is now become interesting, and being o])en to public 
inspection, creates a growing attention to the subject, and has 
led to the discovery of minerals hitherto unknown in this county, 
and is thus accomjdishing one important object of the institu- 
tion. The series of our native metallic minerals has also bcicn 
augmented br)th by purcliase and donation ; l)ut while tlie 
Council gladly report its continued ))rogress, they beg* to remind 
the members that this d(}partment of the eahinet is at once the 
most interesting and hitherto most defective; and recommend it 
earnestly to the attention of its friemds, ])articularly to those 
^whose connection with the mines aflord opportunitie s of procur- 
ing rare specimens. 

The library and funds have also been ineaeased, the laltcivby 
a liberal donation from John Hawkins, l^sq. to vn liose inU resling 
communications and encourageiiKuit, the institution has been 
from its commencement so greatly indebted. 

Flattering invitat ions to correspondence have Ijoon receive d in 
the course of tlie past year fre)m foreign instituti(.)ns aiui men of 
science, wdiich shows that this Society has already attracted 
notice, and is contemplated with interest both at homcj and 
abroad. 

The Council have also the pleasure' to (congratulate tlie Sociect.y 
on the publication of tlie second volume of its 1'ransaelions, as 
ordered by the last general mee'ting, and they HalteM' themselves 
that it will not be found uinvorthy of its predecessor. It was 
judged propeu' to coniine its contents entirely te^’pa|>e'rs relative 
to. the geology and mineralogy of Cornwall ; although it occa- 
sioned the regret of thereby omitting many valuable communi- 
cations. A large space will be found dent^ted to the detail of 
numerous facts and experiments on the much controverted sub- 
ject, the Temperature of Mines, and also on the l^henomena of 
Veins, which cannot fail to attract much attention and further 
investigation. To tlie authors and editors, the Society will feel 
niuch\)bligation, particularly to Mr. Came, not only for so large 
a portion of the work itself, but also lor his ineletlitigablec atten- 
tion to the arrangement of the pajicrs and su])erintcndence of 
the press. Tlierc are likewise tw^o other circumstances deserving 
of notice; — that the volume was printed in this town (Penzance), 
and that the plates were engraved by a self-taught native artist; 
and the execution of both reHects no small credit on tiie ]iartics. 

Since the last anniversary, a course of lectures on the elements 
of chemistry has been delivered by the Secretary, Dr. Boase, to 
a numerous and attentive auditory, and received with iiiuedi 
applause and merited approbation. And the Council have also 
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tile pleasure lo report, that there is evidently agrowing attention 
to scientitic pursuits, which encourages them to cherish and 
repeat the expression of their anxious hope that the period is 
not distant, when the great aifd loading object of this Society 
will be realised, and Cornwall at once distinguished and 
enriched by the establishment of a School of Mines. 

By order, IIunry S. Boase, Sec, 

The following ])apers have been read since the last report : 

On the Tin Ore of Botallack and Levant. By Henry S. 
Boase, M D. Secretary of the Society. 

A further Account of the Mineralogv and Ceology of St. Just. 
By Joseph Came, Bsq. FltS. MRIA. Membta* ol* the Society. 

On the S(u i)(uitine District of Cornw all, By the Jlev. Canon 
llogcu’s. Member of the Soedety. 

On the Nejitunian Tlieory of th(» Formation of V^eins. By 
Henry Boase, Es(|. Treasure*)’ of the So(‘iety. 

On llie IMoxious ( iases of‘ Alines. By Dr. Boasc*. 

Oil Submarine Mines. By Joseph Came, Esq. IHIS. &c. 

On tluj d'emperature of the Cornish Alines. By Al. P. Aloylc, 
Esq. Alember of the Society. 

A proposed new^ Aletliod of Draw ing Mining Maps and Sec 
tions. (yommunicat(;d by Air. Fox. 

On the Temperature of Alines. By Robert W. Fox, Esq. 
Alember of the Society. 

On the Utility of a School of Alines, By Dr. Boase. 

An Acnount oi the (Juantity of Tin pro(hic(*d in C’oriuvall in 
the Year imding \v ith tlui Alidsummer Quarter, 1822. ByJosc'ph 
Caii’ue, lis(j. FRS. ifec. 

An Account of tin* Produce of the Copjier Al ines ofC annwall, 
in Ore, Cop])er, and AIoikjn , in the Year ending the 30th June,. 
1822. By Air. Alfred Jenkyns. 

O/flrcrs and CaiuicH for t he present ) ear, 

Presidoil , — Da\ies (iilliert, h-.s(j. A1P. VPRS. ike. ike. 

Vice-l^residenls, — William Rashleigh, l^sq. Cliarles Lemon, 
F"sq. JohnScobell, l^sq. Jolin Paynter, Esq. 

Secretary , — Henry S. Boase, AID. 

Treasurer. — Henry Boase, Esq. 

iJhraruin . — Barham, AID. 

Curator, — Edw^ard (k Cidfly, Esq. 

Asshtant-Sccretary. — R. Moyle, Jun. Esq. 

'The Council , — T. Ihjlitho, Esq.; Joseph Came, Esq.; Stephen 
Davy, Esq.; Alfred Fox, l^s(j.; C. D. John, Esep ; Rev. C. V . Le 
Grice; Al. P. Aloyle, lisq.; Rev. (kxnon Rogers; 11. P. Tremeti- 
heere. Esq.; John Williams, Juii. Esq. 
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Scientific Intelligence. 


[Jan. 


Article XI. 


SCIENTIFIC INTKLLIG ENCF., AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 


I. On the Tempera tine produced bj/ the Condensalion of J^npour. 

Mr. Faraday, in some observations ])iiblishcd in tlie Annales dc Clii- 
inie, XX. 329. has illustrated a curious property of vapour wliicb, as 
lie remarks, tliou^h it might have been deduced from known facts, 
bad never been cited or confirmed by experiment. It seems, indeed, 
that the property had been known in l^aris to some ol the chemists, 
but tliat it luid never been published. 

Hold a thermometer horizontally so that its ])ulb may be introduced 
into a current of vapour as it issues from a boiler or tea-kettle : it will 
soon indicate 21 2^ ; then drop on to it a little powdered nitre, and 
immediately the temperature will rise to or higher. '1 his effect 

is due to the condensing power excited by the salt on the vapour, 
which, reducing tlie latter to the fluid Ibriii, liberates the heat that 
raises the thermometer. 

In making the experiment, care should be taken (hat the w ater con- 
densed on the stem of the instrument docs not rundown and dilute the 
salt, for then the temperature falls. Another method ol‘ operating is 
to tie up the salt or substance, round the bulb of the thermometer 
in a bit of lint or flannel, and introduce it so covered into the steam. 
The following are temperatures obtained by the use of dill'erent sub- 
stances ; the lirst column of numbers as given by the ia.st process, and 
the second by the other : 


Sulphate of magnesia 

. . 214 

218 

^Tartrate of potash 


23G 

* Tartaric acid 

. . ‘221 

22G 

Sugar 

.. 223 

210 

* Muriate of ammonia 

. . 227 

230 

^Citric acid 

228 

•230 

* Nitre 

.. 230 

232 

Nitrate of magnesia 

.. 23G 

23;G 

Nitrate of ammonia 

.. 210 

23G 

Acetate of potash 

. . 2.'3S .... 

214 

'Subcarboiiate of potash 

.. 232 

278 


Potash 


300 and upwards. 


Those marked * are convenient for the experiment with the naked 
bulb. 

The effect, as might be expected, continuc^j at dilferent pressures, 
and the same difference of temperature which exists betw een a ch an 
thermometer and one coated wdth a salt when placed in steam at 212° 
under atmospheric pressure, holds when the pressure and temperature 
are raised. 

Mr. Faraday had stated that at the snme prc.ssure a boiling acpicous 
saline solution gave off steam of die same temperature as boiling water. 
M. Ga3"-Lussac makes some remarks on this statement, and show s, that 
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with the salincsolution, the tem])cratLirc of the vapour is the same as that 
ot the solution itself. We understand that Mr. F. has verified M. Gay- 
Lussac’s statement by experiment, and satisfied himself of its accuracy. 

• 

II. Index to Kirh^ and Spence's Entomology, 

CTo the Editor of the Annals of Vhitosophy,) 

BEAU SIR, ncc, 22, 1822. 

I beg to submit, througli your journal, to the learned autliors of the 
Introduction to Entomology how important an addition to each of their 
dciiglitl'ul voIunu?s a prcjtty copious index would b(? ; and how imperfect 
their work is witliout it. It is of course intended that the last volume 
should comprise all that is necessary in this way; but this is not 
enough, lor during the many years that intervene between the appear- 
ance of the first and the last volume, the entomological student is 
deprivetl of all the advantages of reierence, unless he make an index 
for himself. All the leading I’acts of the tw^o first volumes may be very 
readily embraced in one index ; and 1 would suggt'st to I\Kssrs. Kirby 
and Spence, that it would be desirable to furnish this assistance to the 
public without rlelay, as well as to provide every future volume with 
an index for it>elf, witli tiie exception of the last, which will necessa- 
rily contain general references for I he whole work. 

I remain, dear 8ir, yours sincerely, 

NoJ{FOLCIEN8IS. 

Ilf. Separation of Plum ba go from Cast-Iron, 

A curious paper on this subject has appeared in No. 14 of the Edin- 
burgh Philosophical Journal ; the facts related in which we shall pro- 
ceed to state, anil afterwards to offer a few remarks on tlie theory 
whicli has been deduced from them by the writer of the paper, Dr. Mac 
Culloch. 

In the freijiient examination of the metal of tlie iron guns delivered 
by the contractors^to the ordnance, by solution, according to Berg- 
man’s suggestion, Dr. .M. found that the quamity of plumbago in the 
metal bore no relation to its strength or goodness, but that the results* 
were sometimes curious, from the very variable quantity wliicli differ- 
ent speeimens of the Iron contained. The trials were far from confirm- 
ing the opinion that the worst or weakest metal contained most plum- 
bago; and on one occasion, an exceedingly tough specimen was found 
to contain a most unusual proportion of tliis substance, and that in a 
disengaged state, being visiijk* on breaking the metal; which appeared 
as if it had been rubbed w ith powdered black-lead, and left its tracje on 
paper. Where the plumbago was most abuiulant, the colour of the 
fracture of the iron was most grey; ar.d Dr. M.’s trials go to prove, in 
contradict ion to the opinion of many iron-founders, that the greyest 
metal is tlie toughest. J'he plumbago was always obtained in the slate 
of pow'der, and in very small proportion when compared to that 
obtained from pig-iron. 

The same experiments were repeated on the pig-mctal used for 
shells, which is generally distinguislied into three kinds; white, gre}'', 
and black. All tliiase afforded very large proportions of plumbago, b.ut 
various in difierent specimens; the black metal seemed to afford the 
greatest quantity, but that which was most brilliant and silvery also 
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Vicldcd it in nbimdiincc. In 1807 or 1808, 13r. INTac Culloch was 
requested to to a London porter brewery to see an appearance 
which liad very nuich surprised the peojdc employed in it. They had 
taken some iron out of their porter backs in making repairs, and had 
found it, as they said, rcd-liot. This was found to lie an exaggeration ; 
but on removing tlie iron articles from the porter, they became so hot 
on scraping oif the surface, that it was disagreeable to handle them ; 
while they smoked from the evaporation of the moisture : they were 
cast coneS; perforated with holes, and about an inch thick, used as 
strainers to prevent foreign substances from getting into the pipes, and 
had been immersed in the porter for many years. On examination, 
some of them were found to be entirely plumbago ; while in others 
there was a thick coat of that substance on each side, a little iron only 
remaining in the middle. 

Shortly afterwards. Dr. M. met with the following relation in one of 
his journeys in the Western Isles. In 17U) an attempt was made to 
weigh one of the S])anish Armada, which liad foundered oif the coast 
of Mull; this proved unsuccessful, but some brass and iron guns were 
brought up, the former bearing tlie date 1,581. 'fhe iron guns were 
deeply corroded ; aiul on scra}>ingthem, it was said that they were found 
so hot that they could not be touched, and that they did not become 
cool till they liad been two or or tbree Iiours exposed to the air. 

The following are the genenil results of Dr. Mac (hdioch’s experi- 
ments on this subject : 'flic blackest ])ig-metal appears to yield the 
greatest quantity of plumbago, and in the iiiost solid state. When 
the experiment is complete, the produce equals the iron in bulk, and 
is a solid mass capable of being cut by a knife, even into pencils ; but 
us fur as has been observed, it is of a much more coarse grain, or scaly 
granular texture, than natural black-lead. To procure it in ])erfection, 
the acid should be very weak, and llie o])crati()u is then necessarily 
very tedious. Acetic acid appears to he the best, and it is by this that 
it is produced in porter-hacks in the waste-pi})es^ of breweries, and in 
calico-printing-houses, where sour paste is employed. If the e\periment 
be perfect, the plumbago becomes hot on exposure to the air, smok- 
ing while there is any moisture to be evajmrated, particularly wlieii the 
surfaces are scraped oif in succession ; tliore is no apparent difference 
in the plumbago before and after this operation. When the substance 
does not heat, on being taken out of tlie fluid, the wJiole ])rocess of 
oxygenation appears to have taken place in the solution, probably from 
an excess of strength in the acid. 

IVom these facts, Dr. INIac Culloch draws the following inferences: 
that plumbago, by which name he designates the carbon, as it exists in 
cast-iron, is a metal, and black-lead its oxiftc: that in wliite-pit»;, ])roba- 
bly, the combination is this metal and iron ; and that in tlie black it 
exists in a state of approximation to black-lead : that the operation of 
the acid is to dissolve the iron, and to oxygenale the plumbago so as 
to convert it into black-lead : and that if the acid he strong, the whole 
operation is completed in the solvent; otherwise some additional oxy- 
gen is required to produce it in a state of permanence in the air, and 
that the absorption of this generates the heat in the ex{)eriment : 
lastly, that the metallic nature of the base of charcoal is also proved 
from these facts. And lest this reasoning should be deemed unsatis- 
factory, Dr, M. adds the following argument : The specific gravity 
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of pig-iron is about 7'(), and that of black lead is 2, or less. Now the 
])ulk of black-lead procured in the experiment is equal to that of the 
original iron exposed to solution. Two such bodies could not co-exist 
ill the same space, or, if that could be imagined, the specific gravity of 
such iron must be far more dilfejieiit from that of pure iron than it is. 
If pure iron indeed is freed from the effects of condensation by heating, 
it scarcely differs in specific gravity from pig-metal. Thus while vve 
conclude that the plumbago combined with the iron is a metal, we may 
also infer that the specific gravity of that metal is not very di fib rent from 
that of’ iron.’* 

Upon this theory wc trust that Dr. INIac Culloch will excuse our 
offering the following remarks : In the first place, nothing but carbon 
has been detected in the diamond by the most refined and delicate 
investigations of chemistry, those of Sir II. Davy, Messrs. Allen and 
Pepys, and others : that gem, therefore, must be a form of Dr. M.’s 
new metal ; now if black-lead he its oxide, supposing it to contain only 
one atom of oxygen, tlicn, when equal weights of each substance are 
burnt in oxygen gas, tlie former should require, for its complete con- 
version into carbonic acid, iivicc as much oxygen as the latter ; but the 
experiments of Messrs. Allen and Pepys have demonstrated, tliat both 
these substances require for their combustion jn ccisclij the same volume 
of oxtjgoi. 

Secondly, Dr. Mac C’ullocli does not seem to be aivare of the exist- 
ence of silicium in cast-iron. 'Die experiments of Mr. Daniell, recorded 
in vol. ii. of the Journal of Science, show that the absorption of oxy- 
gen, and the conscejuent evolution of heat, the black-lead separated 
from the metal, is owing to the conversion of silicium into silica^ and 
not to that of'any unknown principle into black-lead. 

We are not sure that wc understand the concluding argument, but 
does it not indicate, either that Dr, Mac Chdloch considers cast-iron to 
be a mechanical mixture of carbon and the metal, or that he tJiinks, 
(wdiich is likewise contrary to the known fact), that the arithmetical 
mean of the specific gravities oftlie ingredients of u compound is tlic 
true specific gravity of the conqiouiul itself? 


Article XII. 

miW SCIENTIFIC BOOKS 

PUKIWRING FOR PLIRI-fCATIOX. 

A Narrative of a Voyage round the World in tlic Uranie, Capt. 
Frc^^cinet, dispatched on a Scientific Expedition by tlie hVench Go- 
veriunent during the Years 1817, 1818, 1819, and 1820; in a Series of 
Letters to a Eriend. Py J. Arago, Draftsman to tlie Expedition. 
The Work will form a Quarto Volume, embellished witli LVi JCngrav- 
ings. 

A Description of an Antediluvian Den of Ilytenas, discovered at 
Kirkdalc, in Yorkshire, in 1821, and containing the Remains of the 
Hyaena, Tiger, Jk*ar, IJcphant, llliinoceros, Hippopotamus, and 16 
other Animals, all formerly Natives in this Country. With a Compa- 
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rative View of many similar Caverns and Dens in England and Ger- 
many ; and a Summary Account of the Evidence of diluvian Action 
afforded by tlie Forms of FI ills and Valleys, and the general Dispersion 
of Beds of Gravel and Loam, containing similar Bones, over great Part 
of the Northern Hemisphere. 13}' tlite Rev. W. Bnckland, I’jlS. FLS. 
and Professor of Mineralogy and Geology in the University of Oxford. 
Illustrated by a Map, Views, and Sections of the Caves and Drawings 
of the Animal Remains. 

A Treatise on Navigation and Nautical Astronomy, adapted to 
Practice and the Purposes of Elementary Instruction. By Mr. Reddle, 
of the Royal Naval Asylum. 


.lUST POBLISlIEn. 

Illustrations of the Inquiry respecting Tuberculous Diseases. By 
John Baron, Ml). Physician to the General Infirmary at Gloucester. 
With coloured Plates. 8vo. 1.5.9. 

Lectures on the Structure and Physiolog}'^ of the Male Urinary and 
Cienital Organs of the Human Bod}^ and on the Nature and Treat- 
ment of their Diseases, delivered before the Royal College of Surgeons. 
By the late James Wilson, FR8 14*5. 

Journal of an Horticultural 'four through Flanders, Holland, and 
the North of France. B^-^ a Deputation of the Caledonian Horticul- 
tural Society, consisting of Mr. Neill, Secretary ; Mr. Hay, I^Ianner; 
and Mr. Macdonald, Chief Gardener at Dalkeith Park. With Plates. 

8 VO. IGs. 

A new V^iew of the Infection of Scarlet Fever, illustrated by Re- 
marks on other contagious Disorders. By W. Carmicliael, Ml). FRS. 
Fellow of the College of Physicians, Sec, 8vo. 5s. 


Article XIII. 

N I’AV PATENTS. 

J. Witcher, Helmet-row, Old-street, mechanic, M. Pickford, Wood- 
street, carrier, and J, Whitbourn, GosweJl-strect, coaclismith, for an 
improvement in the construction of wheels. — Sept, 2/. 

S Pratt, bond-street, trunk-manufacturer, for improved straps and 
bands for the better securing of luggage. — Sept. 27. 

T. Binns and J.Binns, Tottenham-court-road, engineers, for improve- 
ments fn propelling vessels, and in the construction of steam-engines. 
— Oct. 18. 

W. Jones, Bodvvellty, Monmouthshire, engineer, for improvement 
in the manufacturing of iron. — Oct. J8. 

S. W ilson, Streatham, Esq. for a new manufacture of worsted. — 
Oct. 18. 

U. Lane, jun. Lamb’s Conduit-street, straw-liat manufacturer, for 
an improvement in the platting ofstraw, and in manufacturing bonnets, 
&c. therefrom. — Oct. 18. 

J. Williams, Cornfiill, stationer, for a method to prevent the frequent 
reiTjoval of the pavement and carriagc-palh, and for laying down and 
taking up pipes, &c. — Oct. 18. 
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Artic£,e XIV. * 

METEOROLOGICAL TABLE. 



liAROMFTr.U. j 

ThKU MOMI-.TKll. 


Diinieira hyg. 

18^2'2. Wind. I\Jax. iMin. j 

i\Iax. 1 

IMin. 

Jiviip. Rain. at noon. 

lull Mom, I 

* l‘ 

I 




Nov. iS W]<2()'5)7;25) 8lj 

()l 1 

55 

— 

— 
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48 

— 

10 
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58 

38 
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.1 W 3u*0 -li 

53 

40 
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5, W I'SO 3 ! 

55 
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55 

dO ' 

— 


7 S \V i3()-()o 3(i-«3! 

58 

38 

— 

i — 
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52 

28 

— 
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53 

39 

— 

23 
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5 ‘2 

40 
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50 

40 

— 


I2i S '30 IJ)! .O-Ol 

5() 

42 

— 

09 

l3iiV Wi3n-oi 

50 

.33 

— 

18 

11 M \V|29-()li2<) 35; 

51 

40 

— 

32 

l/ls \v|29 J3 2i)-33j 

51 

41 

— 

58 

l()iN 1 v2.9'71;2.‘)-41)! 

4-t 

32 

97 

62 

17;S ’\Vi29-/2 2<)-71' 

51 

.1.3 

— 

r>5 

l.s S VVj‘A)-9.il29-72| 

.'*>5 
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— 


i;);S W _>9 })(i.'.>y 78| 
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' -H 1 
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— 
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5 1 

i 30 1 

— 

I 

02 i-i w 29 93 29-7 l-l 

52 

1 -1-5 

— 
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52 

j 43 
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i 
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53 
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23 "^ \V 29 7(' 2y-0'3 
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2{> s ^V 29-71 1 29-()3 
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27, s W 29-7-1 29-(''<' 

50 

i 36 
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05 

23. Var. 29-33 29- U) 

45 

1 36 
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1 1 
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The observations in e.uli line of 
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of twenty-four hours. 

brcrinriini: at A- iM- on the day 

indicated 

in the iirst eolunm. 

dash denotes that 

the result is included in the next ibllywing observation. 
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REMARKS. 


Kh'vcjiih Month , — 1. Fine. 2. Cltmdy. 3. Fine. 4, 5. Cloudy and line. 
6 — 8. Fine, 9. Foggy. 10- Cloudy. 11. Morning, foggy. l*i. Rain at night: 
day, fine. 13, 14, Cloudy. 15- Morning, tine: night, rainy. 16. Rainy, 
17. Cloudy and fine. 18. Cloudy. 19. ('loudy : night rainy. 20. Cloudy. 
21. Fine. 22. Cloudy. 23, Cloudy and fine.* 21. Fipe. 25. Fine. 26. Cloudy. 
27. Cloudy and fine. 28. Rainy. 29. Showers. 30. Showers: overcast. 


RESULTS, 


Winds: N, I ; NE, 4 ; S, 1 ; SW, 17 ; W, 3; NW, 2; Var. 2, 


Ilaronieter ; ]M can height 

F or the month 29'86() inches. 

For the lunar period, ending the 6th 29-86() 

For 13 days, ending the 8th (moon north) . . 30*048 

, For 14 days, ending the 22d (moon south) . . . .* 29*824 

Thermometer : Mean height 

For the month 46*650° 

For the lunar period 50*6 1 6 

‘ For 31 days, the sun in Scorpio .50*000 

Evaporation I *88 in- 

Rain .3*46 


hahoratory^ Straijbrdy T^vclfth M^nth^ 21, 1822. 


R. llOArAKl), 



ANNALS 


OP 

PHILOSOPHY. 


FEBRUARY, 1823. 


Article I. 

Experiments and Observations on Indigo, and on certain Suh~ 
stances which are produced from it by Means of Sulphuric. 
Acid, By Mr. Walter Crum. 

(To the Editor of the Annals of Philosophy.) 

SIR, Ghsgo'w^ Jan* I, 1823. 

In DiGO may Jdc obtained in a state of tolerable purity by the 
ordinary process of agitating the yellow liquid, which forms the 
dyer's blue vat, with common air, till the deoxidized indigp 
which is there held in solution by lime-water is revived ; and 
then digesting the precipitate in dilute muriatic acid, to remove 
a little iron, and carbonate of lime, which it contains. In this 
state, it is known by the name of precipilated hidigo, and must 
be distinguished fioni the pow der so called by Bergman, a sub- 
stance to which I shall refer more particularly in the sequel. It 
generally contains a small portion of sulphate of lime, and, as 
Dr. Thomson observed, a little resin, which is removable by 
alcohol. 

It has been long known, that w^heii indigo is heated, it sub- 
limes. The first mention of this fact that I have noticed is 
contained in a work on calico printing, published in 1789 by 
O’Brien, a pattern drawer in London, who also gives a method 
for collecting the sublimate. “ The curious may sublime indigo, 
and thereby procure tlowers, as with zinc, sulphur, &c. For 
experiments on a small scale, it may be done in a common flask 
New Series, vol. v. g 
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over a common fire, defending the flask from the contact of the 
fire.” 

To prepare these flowers, Chevreul directs* that eight grains 
of common indigo in powder, in a covered crucible, should be 
placed upon burning coals; in which case the colouring matter 
will crystallize in the middle part of the crucible, from which it 
is to be detached with a feather when cold. I have never been 
able to obtain any quantity of it in this way ; part of it is always 
discoloured, and the whole of it is condensed upon the ashes, 
which are in the state of a fine powder, and from which it cannot 
be detached without contamination. 

1 succeeded, however, by another method to procure as much 
as I needed for my experiments, perfectly pure. 1 used the 
covers of two platina crucibles, nearly three inches in diameter, 
of such a form, that, when placed with their concave sides 
inwards, they were about three-eighths of an inch distant in tlie 
middle. I placed thinly about the centre of the lower one ten 
grains of precipitated indigo, not in powder, but in small lumps 
of about a grain in weight ; then, having put on the cover, I 
applied the flame of a spirit-lamp beneath the indigo. In a 
short time, this substance partially decomposed, begins to melt, 
and the purple vapour to be disengaged, which is known by the 
hissing noise that accompanies it. The heat is continued till 
this noise nearly ceases, when the lamp is withdrawn, and the 
apparatus allow^ed to cool. Then, on removing the cover, the 
sublimed indigo will be found planted upon its inner surface, 
with sometimes a few long needles upon the bottom of the appa- 
ratus, which are easily removed from the button of coaly matter 
that remains. In this way 1 have generally obtained 18 to 20 
per cent, of the indigo employed; a small quantity unavoidably 
escapes, but I am persuaded that very little more can, by any 
means of this kind, be obtained. I have made several attempts, 
by using different forms of apparatus, to prepare this substance 
on a greater scale ; but have found none that answers so well 
as that wliicli I have described. When the cover is kept cool, 
as by means of a wet cloth, none of the indigo condenses upon 
it. The interior of the apparatus being then comparatively cold, 
the vapour is condensed before it reaches the cover, falling back, 
or rather crystallizing upon the cinder. The same effect is pro- 
duced when ashes are formed instead of a fused coal ; and pure 
indigo when pounded, and common indigo in any shape, always 
leave a quantity of loose matter. 

Those who cannot readily procure precipitated indigo for the 
purpose of subliming, may find it convenient to combine with iny 
method, one lately given in the Journal de Pharniacie, by MM, 
Le Royer and Uunias. It consists in spreading about 30 grains 
of common indigo in coarse powder upon an open silver capsule, 

* Annalct de Chinue, tom* Ixvi. AviU, 1808. 
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and applying the heat of a spirit-lamp till all the sublimed indigo 
is formed upon the surface of the ashes. On repeating this pro- 
cess, 1 tine that ten parts of common indigo yield one of sub- 
limed indigo, which is, howewer, far from being pure. By 
resublimation in my apparatus, it is again reduced one-half from 
the loss of its impurities, and some vapour. 

1 shall here describe what else takes place during the sublima* 
tion. Ten grains of precipitated indigo in the apparatus I have 
described yielded 

1*88 grain of sublimed indigo. 

6-44 grains of cinder remained, and consequently 

1 -68 grain of volatile matter escaped. 

lO-OO 

Thirteen grains of the same indigo, kept a c uarter of an hour 
at a strong red heat in a small platina crucibre, firmly, though 
not exactly closed, left 7-9 grains of cinder, which is equal to 
61 per cent. 

In order to ascertain what gases were evolved during this 
destruction of the indigo, I introduced 6*28 grains into a small 
glass tube connected with a mercurial trough. On applying the 
heat of a spirit-lamp, the vapour of indigo was formed, and 
condensed in the colder part of the tube, but was at last 
destroyed by repeated applications of heat. A quantity of water 
appeared in the tube, and 0*96 cubic inch of gas was found 
in the receiver. On removing the tube, it was found to have lost 
in weight 0*71 grain, or 13’5 per cent, of the indigo employed. 
The water that was formed had a disagreeable burnt ammonia- 
cal smell. I found, on analyzing the gas in the receiver (making 
allowance for the c*ommon air of the apparatus, and a small por- 
tion of gas remaining in the tube), that it consisted for 100 of 
indigo of 


Carbonic acid 2*8 

Carburetted hydrogen and carbonic oxide 0*8 

Azote 1*9 

The difference between the sum of these and the 
loss 13*o was water, with a little ammonia 8*0 ’ 


13*5 

Sublimed Indigo. 

Indigo sublimes in long flat needles, which readily split when 
they are bruised into four-sided prisms. 

Viewed at a particular angle, they have the most brilliant and 
intense copper colour ; but when lying in heaps, they have a 
rich chesnut-brown colour; one that would be produced by mix- 
ing a very little yellow with a bright but deep reddish purple. 

Besides these needles, this substance is found in the form of 

G 2 
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plates, much broader than the needles, and extremely thin ; 
twisted sometimes almost into tubes. These appear to the 
naked eye pei-rectly opaque. I was not a little pleased, how- 
ever, with their unexpected appearance, when seen through the 
microscope. Viewed obliquely, they appear still opaque, and 
copper coloured like the needles ; but when held perpendicularly 
to the rays of light, they are seen to be transparent, and of a 
beautiful blue colour, exactly similar to a dilute solution of indigo 
which has been acted upon by sulphuric acid. Their intensity 
varies, according to the thickness of the plate, from a blue just 
distinguishable from white, to one almost black. The bronze 
colour which these crystals assume when in heaps is obviously 
a mixture of the copper colour with Jthis blue. 

The vapour of indigo is transparent, and of a mi>st beautiful 
reddish-violet colour, resembling a good deal the vapour of 
iodine, but suflBciently distinguished from it by the shade of red. 
The sublimation takes place at the heat of about 660® Fahren- 
heit ; for the vapour rises at a heat lower than that of melting 
lead, and requires more than the melting heat of bismuth. 
Upon the rough bright surface of the lead, I observed some of 
the crystals melt while the vapour was rising ; but 1 have in no 
other circumstances remarked any thing like fusion, till the sub- 
stance was decomposed. Hence the melting point of indigo, 
its point of volatilization, and that at which it is decomposed, 
lire remarkably near each other. 

The specific gravity of sublimed indigo is 1’35. 

These crystals sublime when heated in open vessels, leaving 
no residue. In close vessels, the vapour is at first reddish- 
violet, us in the open air ; but as the heat advances, it acquires 
a tinge of scarlet; and before it is entirely decomposed, becomes 
deep scarlet, and then orange coloured : a quantity of charcoal 
is at the same time deposited. 

Action of Oils . — Of the essential oils, oil of turpentine dis- 
solves at its boiling heat as much indigo as gives it the fine 
violet colour of the vajjour of indigo, but a slight reduction of 
temperature is sufiicient to precipitate the whole of it. The 
fixeil oils and fatty substances, as they may be heated to a higher 
degree, exert a more powerful action upon indigo. None of 
^hem that I have tried act upon it at the heat of boiling water; 
but when the heat is increased, they gradually dissolve it, acquir- 
ing the colour of its vapour much more deep than oil of turpen- 
tine does. If the solution be cooled at this period, the indigo 
precipitates blue. As the heat is continued, more of the indigo 
is dissolved, but the colour of the solution begins to change ; it 
gradually inclines to crimson, and has then begun to be 
destroyed. It is now green when cooled. Heated still more, 
tlie solution is of a strong crimson ; then becomes orange ; and 
at last, when entirely decomposed, it is yellow, which colour it 
retains when cold. 
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Determination of the Ultimate Constituents of Indigo. 

The apparatus which I employ for the analysis of indigo with 

{ )eroxide of copper, is simply a tube of green glass, seven inches 
oiig, and three-eighths of an* inch wide’ shut at one end, and 
connected with a mercurial trough by means of a small bent tube, 
joined to the other by a tube of caoutchouc firmly tied. 

The indigo is first ground with a quantity of peroxide of cop- 
per, and when that is introduced into the tube, another portion 
of peroxide is put over it, and then some metallic copper thrown 
down from its sulphate by a plate of zinc, and ignited in a close 
vessel. Lastly, 1 fill up the remaining space (about a couple of 
inches) with a piece of glass tube, shut at both ends, which 
nearly fits the other. This .keeps the materials in their place, 
and reduces as much as possible the quantity of common air in 
the apparatus. The tube is then heated with three spirit-lamps, 
of which two keep the metallic copper and the pure peroxide at 
a red heat; while the third traverses gradually that part of the 
tube which contains the indigo. 

When I began these experiments, I took the usual precaution 
of heating the peroxide of copper to redness immediately 
before I made use of it. I soon found, however, that before I 
could get the vegetable matter ground with it, and introduced 
into the tube, it had attracted a quantity of water from the air, 
which varied according to the hygrometric state of the atmo- 
sphere, and of course, the length of time employed. It then 
occurred to me that all error from this source would be obviated, 
if I allowed the peroxide to be saturated with moisture, by leav- 
ing it freely exposed to the air, and at every analysis (at least 
when the state of the atmosphere changed), press 150 grains of 
it into a small platina crucible which just holds that quantity, 
heat it dull-red vvithin another crucible, and ascertain its loss of 
weight without removing the cover.* 

I have in this way made several analyses of indigo, which 
differed very little from each other. 1 choose the following one 
as being nearly a mean of the rest : 

Auaitjsis . — One grain of sublimed indigo was ground w ith 90 
grains of peroxide of copper ; 25 grains more were put over it in 
the tube; and above that, 30 grains of metallic copper. •These 
substances contained ()• 1 1 grain of wrater. 


♦ Berzelius has pointed out the instantaneous attraction of water by the oxide of cop- 
per tAnn. de Chimie, xvii. and cautioned chemists against the fallacy arising from 
the neglect of it ; and M. de Saussure, in a note to his analysis of hog’s lard (Ann. dc 
(Jliimic, xi. 396), makes a general remark upon those analyses where pcroxiilc of tap- 
per is employed. ** Ses resultate ” (those of JM. Bcrard), “ ainsi qu’uii giand nomloe 
de ceux obtenus par ce procedd, m’ont paru pecher par cxccs d’hydrogene.” ThW 
excess is owing in all probability to the neglect of a small portion of water attracted by 
the peroxide. I have found 100 grains when newly prepared take as much as S-IOths 
of a grain of water for saturation in damp weather. When it has been several times 
used, it does not take so much. 
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The tube^ after the operation, had lost in weight 3*17 grains, 
of which 1 grain being indigo, and 0“11 grain water from the 
copper, 2*06 grains were oxygen supplied by the peroxide. 
The gas in the receiver was = 6*^46 cuDic inches, mean temper- 
ature and pressure. Of this, potash absorbed 5’82 cubic inches, 
leaving a residue of 0*64 cubic inch. 

This residue consists of the common air of the apparatus, 
together with the azote contained in the indigo. By dlling the 
mouth of the tube, as I did, with a round piece of glass, and 
using a very small conducting tube, scarcely any empty space is 
left m the apparatus ; but the peroxide of copper, being a very 
loose substance, and merely shaken down into the tube, without 
being pressed, encloses a quantity of air, which is very consider- 
able. This, on the idea that the* quantity was trifling, has 
sometimes been neglected altogether ; but more frequently as 
much of it as possilde has been driven out, by heating a part of 
the tube, previous to the commencement of the experiment, and 
the remainder neglected. A very simple and obvious method of 
ascertaining with accuracy its amount, consists in making an 
analysis of any vegetable substance, as sugary which contains 
no azote, in the same apparatus, and with the same quantity of 
materials. Here nothing passes into the receiver but carbonic 
acid, and the whole of the common air which the apparatus con- 
tained. The former, being absorbed by means of potash, leaves 
a quantity of common air, exactly equal to the common air in the 
incigo experiment; of course the difference between that, and 
the total residue of gas obtained from indigo, is azote. I thus 
found that the apparatus which I employed contained 0-26 cubic 
inch of common air; which, being deducted from the total 
residue after absorption by potash 0*64, le^^ves 0*38 cubic 
inch, or 0*1 126 grain of azote, as the quantity of that substance 
in a grain of indigo. This method, as well as that of estimating 
the water in peroxide of copper, I communicated to Dr. Ure, 
when I mentioned to him the existence of hydrogenr in indigo. 

The 6*82 cubic inches carbonic acid gas + 0*08 which T 
found to remain in the apparatus = 6*9 ; and this, allowing for 

aqueous vapour, is 6*9 ^ 6*762 cubic inches dry car- 

bonic acid gas, which consist of 0*7322 grain carbon, and 1*952 
grain of oxygen. But 2*06 grains of oxygen were taken from 
Sie peroxide of copper, which is 0*108 grain more than was 
necessary to burn the carbon. This indicates 0*0135 grain of 
free hydrogen. ♦ The remainder is oxygen and hydrogen in the 

* The results of two careful experiments made at different times with loaf suf^r, 
exactly in the same manner as with the indigo, perfectly satisfied me as to the accuracy 
of this part of the experiment. hough the quantities of carbon were not precisely alike 
in these two experiments, the loss of weight sustained by the peroxide, after deducting 
the water it contained, was exactly equal to the respective quantities of oxygen in the 
carbonic acid, calculated in the same manner as in the text. In one case, I obtained 
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composition of 

73-22 
11-26 
12-60 
2-92 

100-00 

These numbers correspond very nearly to 


1 atom, of azote ••••«•• 

... 1-76 or 10*77 

2 atoms of oxygen . . • • • 

. . . 200 

12*31 

4 atoms of hydrogen . . • 

. . . 0*60 

3*08 

16 atoms of carbon 

... 12-00 

73-84 


16*25 

100*00 


The gas remaining in the apparatus at the conclusion of the 
experiment, was estimated by heating the same tube with an 
equal quantity of peroxide of copper without organic matter, and 
observing how much air was driven over into the receiver. The 
difference between this and the whole air, as found in the si^ar 
experiment, is pretty nearly the bulk of gas remaining. The 
temperature of the gas w^hen measured was 58^, and the barome** 
trie pressure 29*1 inches. 

I liave also made several analyses of well-dried precipitated* 
indigo ; and allowing for a minute portion of sulphate of lime 
which it contained, 1 got results which agreed perfectly with the 
analyses of sublimed indigo. I find too, that both these sub- 
stances are acted upon in the same manner by other bodies. 
The different effect of heat depends obviously, upon some differ- 
ence in the mechanical arrangement of their particles. 

Brugnatelli has proposed to call this sublimate indigogen, 
because, when united to the fecula of the plant, it forms cominoii 
indigo. But such a nomenclature is inaumissible in chemistry. 
Upon the same principle, potash ought to be called potassogen, 
because, when united to certain foreign substances, it forms 
crude potash. The same chemist considers this substance as a 
metal, because, as M. Von Mons informs us,* he found it^might 
be amalgamated with mercury. Dobereiner repeated this expe- 
riment of Brugnatelli, and formed not only the amalgam, but 

41 *55 per cent, of carbon, and in the other 42*14. The means of these give the follow* 
ing for tlie composition of sugar : 

Carbon. •• 

Wate * 

2 Hydrogen 


It is needless to add that the sugar was in both eases dried at 2 12^ in a vacUUttt* 
♦ Annals of Philosophy^ vi. 75. 


. 41*8 
. 51*7 
. 6*5 

*ioo-o 
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proportions which form water. Hence the 
indigo is 

Carbon 

Azote 

Oxygen 

Hydrogen 
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what is still more wonderful, by placing this amalgam in a solu- 
tion of nitrate of silver, he obtained crystals in the form of an 
artichoke, which were an alloy of the metal of indigo with silver. 
In consequence of these statenicn|:s> I made several attempts to 
amalgamate sublimed indigo, as well by the process of Doberei- 
ner, as by others which I thought more likely to succeed, but in 
vain. I could in ho case perceive the least alteration in the 
fluidity of the quicksilver. 

Action of Sulphuric Acid upon Indigo, 

When indigo is digested in concentrated sulphuric acid, it is 
well known to suffer a remarkable change, being converted into 
a peculiar blue substance, entirely different from indigo, with 
which the Saxon blue is dyed. 

This substance has been so little attended to by chemists that 
no one has yet thought of giving it a separate name. I shall 
venture to propose for it that of cerulin, from the colour of its 
solution. 

The mixture of the blue substance with sulphuric acid is a 
semifluid, which requires a considerable quantity of water to 
dissolve it. When potash is added to this solution, previously 
filtered, a deep-blue precipitate is formed. I was surprised, 
however, when making the experiment, to find the precipitate 
as plentiful before one-fourth of the acid was saturated, as when 
the solution was made altogether neutral. To another portion, 1 
added potash previously saturated with sulphuric acid, and found 
the same precipitate formed as with potash alone.* I threw the 
precipitate upon a filter, and washed it with water, in order to 
examine wliether it was the pure colouring matter that had 
separated. The first washing did not take away much of the 
precipitate; the next, however, sensibly diminished it; but with 
the third portion of water, it almost wholly disappeared. 

In order to discover the cause of this increased solubility, I 
made a saturated solution of sulphate of potash in water, and, 
putting into it a little of the blue pulpy substance that remained 
upon the filter, I agitated it thoroughly. The solution remained 
altogether colourless. I found the same to be the case when 
the muriate, the acetate, or any other salt of potash, was 
employed. Alcohol also, and ether refused to dissolve this 
substance. Put into pure water, however, it immediately dis- 
solved, forming the same deep blue solution that had passed 
through the filter. 


* That the solution of indigo in sulphuric acid is precipitated by neutral salts is not 
a new fact. BerthoUet (Art of Dyeing, ii. 50) says, that the fixed alkalies saturated 
with carbonic acid,” as well as alcohol, saturate solutions of alum, sulphate of soda, 
or other salts containing swlphuric acid,” form precipitates in this solution. My expe- 
riments show, I think, that the effect does not depend upon the presence of sulphuric 
acid in the predpitant ; that some sulphates have no such effect ; and that alcohol doea 
not predpitate the original solution at all. 
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It seemed then only necessary to dissolve in water some salt 
of potash, to enable it to wash this substance without dissolving 
it. I found the acetate to answer extremely well, and this salt 
possesses the advantage over the muriate or sulphate of not 
being precipitated by alcohol from a weak solution in water, as 
they are. It may consequently be afterwards removed by wash- 
ings with alcohol. 

Such edulcorations with acetate of potash^ I repeated so often 
upon a quantity of precipitate, taking it every time off’ the filter, 

and agitating it well in a phial with the liquid, that not ^^th 

of a grain of the original soluble matter could be left in it. I 
then washed away the weak solution of acetate of potash as well 
as possible by means of alfcohol, without, however, being able to 
remove all traces of that salt, although 1 used the alcohol some- 
what dilute. The small quantity that remained could not mate- 
rially affect the experiments 1 made upon it. 

A portion of the substance thus prepared, when burnt in a large 
platina crucible, left a considerable quantity of ashes, slightly 
reddish coloured, which dissolved almost entirely in water. 
What remained was of a deep red, or rather brown colour, and 
was principally oxide of iron. The solution of the ashes was 
not at all alkaline ; it gave a dense white precipitate with 
muriate of barytes ; a very slight one with oxalate of ammonia ; 
and with sulphate of alumina, large crystals of alum were 
formed in a few hours. It was sulphate of potash. 

To remove all doubt of the precipitate having been sufficiently 
well washed to take away from it every thing that was not really 
insoluble in the menstrua I employed, and consequently the 
sulphate of potash, if that substance were not chemically com- 
bined with the cerulin, I mixed a large quantity of muriatic acid 
with the original solution in sulphuric acid, and formed the pre 
cipitate by means of muriate of potash. Then, having washed it 
as before, with the solution of acetate of potash, and afterwards 
with alcohol, I found that the solution of the ashes when the 
substance was burnt, gave indications with muriato of barytes, 
of abundance of sulphuric acid ; while with nitrate 0f silver, no 
precipitate appeared ; a quantity of small shining crystal alone 
being deposited after some time, which were sulphate of sjlver. 

From these facts, I have no hesitation in concluding that this 
pi*ecipitate is a combination of cerulin with sulphate of potash. 
That salt forms more than a fourth of its weight. It may, 
therefore, be called cetndeo-sulphate of potash. 

The salts of soda also form precipitates in the solution of 
cerulin with sulphuric acid, and these are likewise insoluble in 
solutions of potash or soda, though soluble to a certain extent in 
pure water. When heated, these ceruleo-sulphates dissolve 
even in solutions of their salts. On cooling, the greater part falls 
down again in blackish grains ; a portion, however, remaining in 
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solution. The soda compound is evidently more soluble than 
that of potash. The washings of the former precipitate, with a 
cold solution of its acetate, are a little more coloured than those 
of the potash precipitate, with its a'cetate of the same strength. 
This last substance is totally insoluble in water containing one 
per cent, of acetate of potash, or even a half ^er cent, after two 
or three edulcorations. I have generally employed a solution of 
two parts dry acetate of soda in a hundred of water ; and any 
cuantity of such a liquid may be used without the quantity of 
t.ie substance being materially diminished. 

The salts of ammonia likewise form precipitates in the sul- 
phuric solution of cerulin, when not much diluted. The preci- 
pitate dissolves readily in hot solutions of animoniacal salts, and 
again separates when cold, the whole mass becoming curdy. I 
believe this substance to be a combination of cerulin with 
.sulphate of ammonia, from the quantity of that salt which I 
found in it, when as well washed as possible. It is much more 
soluble, however, than the ceruleo-suiphates of potash and soda, 
and, therefore, cannot be washed so freely as these fixed alka- 
line compounds. Potai^h and soda, and tneir salts, decompose 
it. It dissolves in great quantity in boiling pure water, and in 
40 or 50 parts of cold water. It has the same general proper- 
ties with the more insoluble compounds. 

. A corresponding combination with barytes may be formed by 
decomposing ceruTeo-sulphatc of potash by muriate of barytes. 
The compound formed is extremely insoluble. An abundant 
blue precipitate is thus formed in solutions of ceruleo-sulphate 
of potash, containing so little sulphuric acid, that they are not 
troubled in the slightest degree by a barytic salt, when the 
cerulin has been previously destroyed by nitric acid. 

Similar compounds may be formed with otheV bases, whose 
sulphates are difficultly soluble in water ; but these I have not 
particularly examined. 

The salts of magnesia have no power of precipitating cerulin 
from its solution. The whole of the sulphuric acid in the original 
solution may be saturated with magnesia, without any precipitate 
being formed. 

« 

, Ceruleo-sulphate of Potash. 

This substance is of so deep a blue, when wet with water, as 
to appear absolutely black. When dry, it has a shining strong 
copper-red colour. By transmitted light it is blue. It attracts 
water from the air with great rapidity. In two hours, a portion 
which had been dried attracted a tenth of its weight. 

It is soluble to a considerable extent in hot water. Cold water 

takes up j^th of its weight of this substance, and forms a solu- 
tion so deeply coloured, that when diluted with 20 parts of water 
in a phial of an inch in diameter, it may just be seen to be 
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transparent. Water in a wine glass containing of its 

we^ht of this substance is distinctly blue coloured. 

The saturated solution id precipita£ed by soring water, and 
by every liquid that I have tried, except distiCed water. Prom 
this it appears that the mere presence of any foreign substance 
in pure water greatly diminishes its solubility. 

If the solution be diluted with 20 parts of pure water, it is 
still precipitated by solutions of the salts of potash and soda, 
lime, barytes, strontian, lead, and mercury. An addition of 
sulphuric or muriatic acid does not redissolve them. But nei- 
ther ammonia nor any of its salts precipitate this weak solution. 
None of the salts of magnesia, zinc, or copper, nor the solutions 
of alum, sulphate of manganese, permuriate of tin, protosiilphate 
or persulphate of iron, or nitrate of silver, decompose it. It is 
not precipitated by any of the acids, by infusion of galls, or * 
by pure gelatine. Alconol and ether do not precipitate the weak 
aqueous solution, though they do not dissolve any of the dry 
substance. CeruIeo-suTphate of potash dissolves readily in con- 
centrated sulphuric acid, but not in concentrated muriatic acid. 

When chloride of tin is mixed with the solution of this sub- 
stance, its colour is immediately changed to yellow. This 
yiillow product is not very soluble in water ; it becomes blue 
again on the addition of any substance, as a salt of copper, capa* 
bln of imparting oxygen to it. 

When neat is applied to the blue substance, it does not melt; 
no purple vapour is given off, and in consequence of its being 
defended by the saline matter, a strong heat long applied is 
necessary for its being reduced to ashes. 

When luminous objects, as the sun or moon, or the dame of a 
cantlle, are viewed through the blue solution of this substance, 
of the proper degree of intensity, they appear of a fine rich 
scarlet colour. It is worthy of remark, that a single drop of 
iiitiate or sulphate of copper, mixed with a quantity of this 
solution, makes the same objects appear blue through it, although 
the general appearance of the liquid is not in the least degree 
altered. Zinc produces the same effect, though not so power- 
fully. Any acid restores to these mixtures the property ©/mak- 
ing luminous objects appear red, unless when a large quahtity 
of copper has been added, which makes the liquid itself green. 

Sir 11. Davy* was the first to discover that a vegetable sub- 
stance had the power of precipitating in combination with 
certain neutral salts, which are themselves abundantly soluble in 
wat(^r. The carbonates of potash, soda, and ammonia, and the 
chlorides of tin and of iron, are among the substances which 
that philosopher found undecomposed in combination with 
tannin, in the precipitates formed by these salts in an infusion of 

* On Astringent Vcgetablei, Jliil. Trans. 1803. 
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galls* It appears that cerulin acts a similar part, at least with 
the sulphuric saits^ I am not aware, however, that any sub- 
stance Tias been himerto described by chemists which possesses 
the property I have , found in the one here treated of, that of 
dissolving in pure water, and refusing to do so in neutral saline 
solutions which produce no change upon it. But in common 
life, some idea of this singular fact seems to have been long 
acted upon. Those who are in the habit of washing printed 
gowns, particularly dark ones, of colours not very permanent, 
always nnce them in a solution of common salt, or at least in 
very hard water, before they hang them up to dry. The salt, 

, they say, fixes the colour, and prevents it from spreading out 
into the white, which it always aoes when they are suffered to 
dry in a cool place, without such immersion. 

On the 'Phenomena which are exhibited during the Formation of 

Cerulin. 

Some of the phenomena which attend the action of sulphuric 
acid upon indigo, have been noticed by different chemists. 
Bergman, in 1776, observed, that when indigo in powder was 
sprinkled upon sulphuric acid, greenish clouds were produced, 
which became blue by the addition of a drop of water.* He 
added that the same effect was produced, but more slowly, with- 
put, water. Haussman, of Colmar,^ observed, that the acid in 
contact with indigo, became at first greenish-yellow, then deep- 
green, and at last blue. That gentleman remarked also, that 
the effervescence and disengagement of sulphurous vapours, 
always observed in making the mue compound, leave no room 
to doubt that the acid exerts an action upon the particles of 
indigo, and that we should be wrong in considering, this as a 
mere solution of indigo unaltered.” Berthollet^ in his excellent 
work on Dyeing,^ considers the change that takes place a spe- 
cies of combustion ; the sulphuric acid furnishing the indigo 
with oxygen, and thereby being converted into sulphurous acid. 
Dr. Bancroft, whose work appeared soon after that of Berth ol- 
let, conceived the solution to be oxygenated indigo combined 
with sulphuric acid. Hence he gave it the name of sulphate of 
indigo.^ 

Snch, as far as my information goes, is the extent of our know- 
ledge, or rather our opinions, upon this subject. I shall state 
what appearances I have myself observed during this process. 

When indigo is put into sulphuric acid, it is dissolved, and the 
acid assumes a yellow colour. When this solution is dropped 
into water, it becomes instantly blue ; but the substance so pro- 
duced is by no means the same as that which is formed after 

• Opusc. tom. V. p. 7. Edit. 1788. 

^ Journal de Physique for March, 1788. 

± Vol. ii. pp. 50, 66, English translation. 

§ On Permanent Colours, pp. 104, 1S2. 
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some time> without the assistance ofwaterl It is indigo altoge- 
ther unchanged, which precipitates, and leaves the sulphuric 
acid perfectly colourless. If the yellow solution be exposed to 
the open air in a watch glass for a short time, the blue colour is 
restored in the same manner, and the indigo falls down. This 
effect is produced, not by the action of the air, but merely by 
the absorption of moisture. 

A considerable increase of heat takes place when the two 
substances are put together. There can be little doubt that this 
is caused by the sulphuric acid abstracting arid combining with 
the 14*2 per cent, of water contained in the indigo. 

If the yellow solution above mentioned be allowed to remain 
without dilution, it becomes blue in a few hours, and this is 
effected without the assistance of air, as I found by making the 
experiment in a small phial, the mouth of which was sealed up, 
as soon as the materials were put together. In consequence of 
the darkness of the liquid, these changes of colour can only be 
observed in the thin film which wets the empty part of the phial, 
when it is agitated. 

All the chemists who have treated of this process, mention the 
formation of sulphurous acid during the solution of indigo, and, 
attributing this to the action of the indigo itself upon the acid, 
they naturally concluded that that substance became oxidated at 
the expense of the acid. But these chemists employed only the 
indigo of commerce in their experiments ; a substance which con- 
tains more than half its weight of impurities, and great part of 
these vegetable matter. 1 have found that it is these impurities 
alone which decompose the acid ; for during the solution of 
sublimed indigo, not a trace of sulphurous acid can be detected, 
though the heat of boiling water be applied for hours. Neither 
is t here any production of hyposulphuric acid ; for, if there were, 
it would be decomposed by the neat to which the liquid was 
exposed, or even by the presence alone of concentrated sul- 
phuric acid, in wliich case sulphurous acid gas would be 
given off. 

In less than 24 hours, if a slight degree of heat be applied, 
the indigo is entirely converted into cerulin ; and, when mixed 
with water, it passes through the filter, leaving no ‘residue 
whatever. 

On the Constitution of Cerulin, 

Since there is no production of sulphurous acid, nor absorption 
of air, during the formation of cerulin, it is clear that there can 
be no oxidation either of the carbon or hydrogen previously 
existing in the indigo. No carbon being deposited, and no gas 
evolved, during this process, prove also thsft the azote exists in 
the new substance, in the same proportion to the carbon that it 
does in indigo. That sulphuric acid does not enter into its compo- 
sition, is evident from its precipitating with almost any sulphuric 
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aalt, and carrying down no additional sulphuric acid of its own* 
It is only in toe amount of combined water, then, that any alte-^ 
ration can possibly have taken place, and to ascertain whether 
in this case there has bfeen an abstraction, or an addition of 
water to the indigo, it were only necessary to convert a given 
weight of that substance into cerulin, and to weigh the product, 
as M. de Saussure has done in the case of starch sugar. There 
are difficulties, however, which prevent such an experiment 
from being’ performed with any precision ; principally the large 
quantity of sulphuric acid necessarily mixed with the product, 
and the solubility of the substance in water. 1 have contented 
myself with analyzing, by means of peroxide of copper, the 
ceruleo*6ulphate of potash, after having ascertained as nearly as 
possible, by incineration, how much saline matter it contained. 
But, as this cannot be done with absolute precision, owing to the 
/dissipation of a small portion of acid along with the vegetable 
matter, my results, particularly with regard to the hydrogen, 
were by no means so uniform as those which I obtained when 
operating upon indigo. All that is really necessary in this case, 
is to determine the quantity of carbon, which may be done with 
very little risk of error. The deficiency, after adding to the 
carbon the proportion of azote, and of free hydrogen found in 
indigo, is water. 

* Accordingly, I first of all dried a quantity of the blue sub* 
stance at the heat of 212^ in vacuo, and having weighed it as 
rapidly as possible, I exposed it to the air during a whole night, 
and noted the increase of weight from moisture. One portion of 
this was burnt to ashes. Another portion was ground with per^ 
oxide of copper, and the carbonic acid it produced was received 
over mercury. In this manner I found that 1 grain of pure 
cerulin yielded 4'd cubic incbes diy carbonic acid gas, which is 
equivalent to 0*5718 grain of carbon, reckoning 0*12708 grain as 
the quantity of carbon in a cubic inch of gas. The cpinposition 
of the substance consequently is : 


Carbon 67*18 

Azote 8*79 

^ Oxygen 29*32 

- Hydrogen 4*71 


100*00 

This approaches so near to indigo + 4 water, that there can be 
litlle doubt such is its constitution. 

1 atom azote 1*76 or 8*43 

6 atoms oxygen 6*00 28*92 

8 atoms ‘hydrogen 1*00 4*82 

16 atoms carbon 12*00 67*83 

20*76 *100*00 
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The quantity of azote in proportion to the carbon, I found by 
ex'oerimeut to be the same as iu indigo ; but as all pay attempts 
fai ed to determine the amount of tree hydrogen, 1 preferred 
stating all the numbers after carbon, 4>y calculation from the 
analysis of indigo, which is susceptible of much greater preci- 
sion. The heat of a spirit-lamp is quite sufficient for the analysis 
of most vegetable substances which are not mixed with saline 
matter ; but with cerulin, it is necessary to employ the full red 
heat of a charcoal fire for its entire combustion by the peroxide 
of copper. 

There is not the slightest proof that any combination exists 
between cerulin and sulphuric acid in the original liquid. Alka- 
lies, it is true, precipitate it from the solution; and this has 
been supposed to be the effect of a superior attraction on the 
part of the acid for the alkali, by which the vegetable substance 
was left at liberty ; but such a theory falls to the ground as soon 
as it becomes known that neutral salts produce exactly the same 
effect ; that magnesia does not. precipitate it at all, though it 
neutralizes the acid ; and that cerulin is itself soluble in water. 
Cerulin dissolves, indeed, in sulphuric acid, and that more 
abundantly than in water ; but this does not argue the formation 
of a compound which we are entitled to call sulphate of indigo. 
Such a solution differs in no respect from that of resins and otaer 
organic bodies in the same acid, or even from the solution of 
these substances in alcohol or ether. 

Those who are fond of speculating upon the manner in which 
the elements of water are arranged in organic bodies, may find it 
curious that sulphuric acid should abstract water from indigo, and 
not from cerulin, a substance which contains three times as much 
oxygen and hydrogen ; or that the same acid which robs indigo 
of its water, should immediately restore three times as much. 

On a new Substance produced from Indigo by Means of 

Sulphuric Acid^ 

While engaged with these experiments, I discovered that if 
the action of sulphuric acid upon indigo be stopped at a certain 
point, a new substance, altogether diiiei'ent from cerulin, is pro- 
duced, possessing rather singular properties. It is formed at 
the instant that indigo changes from yellow to blue by the action 
of sulphuric acid. 

By the following ^orocess, it is obtained of greater purity than 
by any other methoc I have been able to discover. Prepare a 
quantity of indigo by boiling it in sulphuric acid diluted with 
three parts of water, and drying, after it is well washed. By 
such treatment, it is deprived of more than a third of its weight 
of impurities. Mix one part of this purified indigo with seven or 
eight parts of concentrated sulphuric acid in a stoppered phial, 
and agitate the mixture occasionally, till it becomes of a bottle- 
green colour* Then mix it with a large quantity of distilled 
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water, and throw it upon a filler. By continuing to wash the 
filter with distilled water, the liquid which at first passes through 
colouiiess becomes more and more blue, and a:ter some time, 
all the indigo which hks been changed, passes through. The 
colourless \teshings must be thrown away. The blue liquid con- 
tains the new substance in solution, and does not differ in appear- 
ance from a solution of cerulin. On the addition of muriate of 
potash, the new substance precipitates of a most beautiful 
reddish-purple colour, exactly similar to the colour of the vapour 
of indigo. Let this precipitate be thrown upon a filter, and 
washed with distilled water, till the liquid which passes through 
forms no longer a whitish, but a red precipitate with nitrate of 
silver. It may then be dried. 

If instead of precipitating by means of muriate of potash, we 
take the blue liquid which passes through the filter after all the 
sulphuric acid has been washed away, but while it is still deeply 
coloured, and evaporate this to dryness, we obtain the new sub- 
stance, not purple coloured, but blue, like ceruliu ; and but for 
the difficulty of separating entirely the sulphuric acid, this would 
be the best method of preparing it. Indeed in no other way is it 
obtained free from saline matter. 

From the property possessed by this substance of becoming 
purple-coloured on tne addition of a salt, I have called it 
Pheniciri, from the Greek word purple ; and, to prevent 

circumlocution, I shall hereafter make use of this term. 

This substance, prepared with muriate of potash, is, when 
dn^, of a brownish* black colour. Heated in a crucible, it gives 
off a little vapour of indigo. I was at first uncertain whether this 
might not proceed from indigo formed by the decomposition of 
part of the phehicin by the heat ; but I shall state a fact which 
shows that the indigo may have another source, and that it may 
exist in a small quantity in the purple substance. After the 
filter is washed, till the washings are very slightly blue coloured, 
the liquid that passes through is precipitated blue, instead of red, 
by muriate of potash, and the precipitate consists of indigo with 
a little pheniciu. Thus it appears that even indigo is, in certain 
circumstances, capable of dissolving in water. By drying the 
phefiicin, prepared as I have stated, and redissolving it, a small 
quantity of indigo remains ; but still the phenicin yields a little 
purple vapour when heated. 

When the purple substance is burnt, it leaves about 15 per 
cent, of ashes, which dissolve in water, and consist of sulphate 
and muriate of potash. 

Phenicin dissolves both in water and alcohol, and the solution 
in both cases is blue. It is precipitated again of its original 
purple colour by- all saline substances whatever. Different salts, 
however, possess different powers of precipitation. Thus muriate 
of ammonia, chlorate and prussiate of potash, and muriate of 
soda, precipitate ^he phenicin entirely from about 60 times their 
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weight of any aqueous solution, and nitrate, muriate, and sul- 
phate of potash, from about 100 times their weight. But the 
sulphates of magnesia, zinc, and copper, precipitate 2000 times 
their weight of a solution oY phenicin*; sulphate Q,f iron about 
3000 times ; and alum and muriate of lime as much as 8000 
times. 

The phenicin being previously combined with a salt of potash, 
is not altered by being again precipitated by any alkaline salt. 
These salts do nothing more than saturate the water to such a 
degree, that the substance is no longer capable of dissolving in 
it. But the earthy and metallic salts combine with this substance, 
and displace the salt of potash previously united with it ; and 1 
have observed very little di^erence in the quantities necessary to 
precipitate solutions of diHercnt strengths. The precipitates 
formed by lime, barytes, alum, and copper, are totally insoluble 
in pure water, however well they may be washed. Those formed 
by iron and magnesia dissolve to a small extent, when freed 
from their former menstrua by filtration. Their solution is 
purple coloured. 

Acids have no effect in preventing the precipitation of pheni- 
ciii by saline bodies ; and the precipitates once formed are not 
ledissolved in the same liquid by the assistance of heat. 

The method which I have given for preparing the new sub- 
stance is tedious. As only a small part of the indigo is converted' 
into plienicin, the quantity obtained each time is very small, and 
requires a great ([uantity of distilled water, and a long time to 
filter. But if we allow the indigo to be wholly converted into 
phenicin, its solution cannot be made to pass through any filter, 
however porous, or however well washed it may have been with 
water or ammonia. It was by accident that I discovered the 
possibility of filteriiig it when only a small portion of the indigo 
had had time to be changed ; and it was only by preparing it in 
this manner that I found the purple colour to be owing to the pre- 
sence of saline matter, and its own colour to belike that of cerulin. 

The following is a method of preparing this substance in 
greater quantities, though not so pure. Mix together one part 
of indigo in powder, and 10 parts of concentrated sulphuric 
acid, ill a phial, and agitate from time to time, till the blue colour, 
which the indigo loses at first, is completely restored. This,' at 
the ovdhrary heat of summer, requires nearly three hours. At 
100° Fahr. it is effected in about 20 minutes ; and indigo mixed 
with sulphuric acid, at the heat of boiling water, becomes blue 
the instant the mixture is made. 'A.t 45° Fahr. 10 or 12 hours 
are necessary ; and at lower degrees of heat, a still longer time, 
supposing always the quantity of materials small enough to cool 
very soon after mixture to the stated point. Pour this mixture 
into a large quantity of distilled water, and filter. Take the pre- 
cipitate off the filter, wash it well with distilled water, coatain- 
Netb Serio^, VO J..Y. h „ 
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ing the proportion of muriate of ammonia necessary to prevent 
the substance from dissolving in it, and filter again. Dissolve 
anew the precipitate in large quantity of distilled water ; heat 
the solution to drive off any particles of air which might prevent 
the impurities from subsiding, and let it stand two or three days 
in a tall vessel. Then draw off with a syphon as much as may 
be thought perfectly clear, leaving the remainder to be washed 
with more distilled water. Add to the solution any alkaline salt, 
till the substance be precipitated ; then throw it upon a filter, 
and wash with distilled water till the liquid refuses to pass 
through. 

The colour of the substance thus prepared is not much inferior 
in beauty to that prepared by the former process. Dried and 
burnt to ashes, a considerable quantity of earthy matter is always 
left, but very little of the alkaline salt that precipitated it. Its 
solution is always more or less purple, particularly if it be some- 
what strong. In alcohol, it is completely blue, and the aqueous 
solution becomes blue when it is heated. After being dried, it 
does not dissolve in water. 

When a solution of phenicin is precipitated, the liquid that 
remains is always more or less coloured with cerulin ; and how- 
ever often this be repeated upon the same material, a little ceru- 
lin is always left. If it has been heated, more cerulin is formed, 
it follows from this, that phenicin is changed into cerulin by the 
action of water alone. 

Phenicin dissolves in the water of liquid ammonia without 
injury ; but the fixed alkalies destroy it, though not very readily. 
Chloride of tin precipitates the solution, but gradually redissolves 
the precipitate, forming a yellow solution ; and the phenicin is 
thrown down again of its own colour, by the salts of copper. 

Phenicin dissolves readily in concentrated sulphuric acid, 
forming a blue solution ; and if this be poured hnmediately into 
water, the greater part of it is precipitated again, the impurities 
of the acid being sufficient to prevent its solution in water. A 
portion is converted into cerulin, which remains in solution. 
When allowed to remain dissolved in sulphuric acid, it is soon 
entively converted into cerulin ; consequently in preparing 
^h^nicin by the second process, it is impossible to prevent the 
rormation of a certain portion of cerulin. 

Constitution of Phenicin. 

The facts which I have^ stated to prove that cerulin diflers 
from indigo only in containing more or less water, e<jually apply 
to this substance. 

The perfect insolubility of phenicin in weak saline solutions ena- 
bles us to determine pretty nearly how much of it a quantity of 
indigo is capable of producing. Ten grains of subliJn^d indigo 
were put into a sma.l phial with 300 grains of sulphuric acid ; 
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and after two hours and a half, when quite blue, the mixture was 
poured into a pint of water, and heated, to boiling. It was then 
thrown upon a weighed filter, and washed; first with boiling 
water, in which had been dissolved a minute portion of sulphate 
of lime, and afterwards with boiling pure water. The purple 
substance remaining upon the filter, when thoroughly dried, 
weighed 9*61 grains ; a portion of which being burnt, left a 
quantity of ashes, equal to 1*37 grain of the whole ; consequently 
only 8*24 grains of pure phenicin hud been produced. The 
washings, which were deeply blue coloured from the cerulin that 
had been formed, were put together ; and when diluted with 
water to 95 cubic inches, fsxactly equalled in intensity a solution 
of 1 grain of indigo converted into cerulin, in 30 inches of water. 
Hence 3-l() grains of the indigo had been expended on the pro- 
duction of cerulin, and 0*84 grains had produced 8*24 grains of 
phenicin. 

Ill another experiment, 4*2 grains of indigo produced 5*13 
grains of phenicin ; and in a third, 4*79 grains produced 5*65 
grains. The mean of these makes 100 of indigo produce 120 of 
phenicin. 

By analysis vvilli peroxide of copper, I have obtained results 
which indicate a smaller increase ot weight ; and I am inclined 
to prefer these to the synthetic result, because the phenicin 
ojiciated upon is much more pure, and the experiment altoge- 
ther less liable to error. One grain of pure phenicin produced 
5*085 cubic inches of dry carbonic acid gas, which contain 
0*()402 grain of carbon, lienee, calculating as in the case of 
cerulin, tlie substance consists of 


Carbon G4*62 

Azote 9*91 

Oxygen 21*49 

Hydrogen 3*98 


100*00 

This is very nearly indigo + 2 watery and its atomic propor- 
tions may be thus stated : 

1 atom azote 1*75 or 9*4G 

4 atoms oxygen 4*00 21*0*2 

(> atoms hydrogen. ........ 0*75 4*05 

10 atoms carbon. 12*00 04*87 

18*50 100*00 

The experiments of Mr. Smithson, related in tlfe Philosophical 
Transactions, have given us very correct ideas on the nature of ji 
number of the vegetable colouring matters. It is sufficiently 
obvious that phenicin is not the principle which colours any of 

H 2 
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the. purple or blue vegetables examined by that chemist. I col- 
lected a number more of such purple flowers as are most com- 
monly met with, and dipped them separately in concentrated 
sulphuric acid. But instead of becoming blue, they were 
uniformly changed to red, and formed red coloured solutions on 
fhe addition of water. Future inquiries, therefore, must deter- 
mine whether phenicin exists ready formed in nature either in 
the blue or in the purple state. 

Alcohol modifies remarkably the action of sulphuric acid upon 
indigo. A mixture of three parts of alcohol, of specific gravity 
0‘84, and two parts of acid, dissolves indigo without rendering 
it yellow, and the solution may even ,be filtered through strong 
paper. Probably a larger quantity of pure alcohol might be 
employed. On the addition of water, the indigo is precipitated 
without alteration ; and if common indigo has been used, resin 
precipitates along with it. It may remain dissolved in this mix- 
ture any length of time without conversion into y^henicin. A 
solution of phenicin in sulphuric acid may also be mixed with 
alcohol without precipitation, and the acid is rendered incapable 
of converting it into cerulin. 


Article II. 


Some Pjxperimenis on the Chayiges vdiich lake place m the fixed 
Principles of the Egg during Incubation. By William Prout, 
MD. FRS.* 


In the year 1816,'" says Dr. Prout, I was induced to com- 
mence a series of experiments on the egg during incubation, 
wuth the view of ascertaining the nature of the changes' which 
take place during that process. My inquiry was chiefly li,mitcd 
to the fixed principles ; namely, the earthy and saline matters ; 
but iiiy attention was more particularly directed to the source 
whence the earthy matter, constituting the skeleton of the cliick, 
was derived."' 

With these views, the egg was analyzed in its recent and 
unaltered state, and at the end of the first, second, and tliird 
weeks of incubation. My experiments were chiefly confined to 
the eggs of the domestic fowl, but have been likewise partially 
extended to those of the duck and turkey. The investigation 
has been renewed, and the experiments repeated at various inter- 
vals since the period above-mentioned; but the difficulty of the 


* Abstracted f*om the Philosopliical Transactions for 1822, Part II. 
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subject and various accidents have prevented me from complet- 
ing them till the present time ; and the results, which, after all, 
are much less perfect than I could wish, I have now the honour 
of submitting to the Societjx” 

Preliminary Experiments on the Egg in its recent and unaU 

tered State. 

It is here stated, that the specific gravity of new laid eggs 
has been found to vary from 1*080 to 1*090; and their appa- 
rent diminution in specific gravity is shown to depend on the 
substitution of air for a portion of the water of the egg which 
escapes.” A table is given, showing the gradual loss of 
weight of an egg during a period of two years. The original 
weight on the lOtli May,* ]<S20, the day it was laid, w^as 007*5 
grains and on the 19th of May, 1^2, it had become reduced 
to 363*2 grains ; having sustained a loss of 544*3. ^ 

Hence wc learn,” says the author, that a moderately 
sized egg loses on an average about *75 grain in 24 hours, and 

that uniformly during a very long period On being broken, 

the whole of the contents of this egg were found collected at the 
smaller extremity in a solid state ; but on being put into water, 
they absorbed a large portion of that fluid, and assumed an 
appearance not much unlike those of a recent egg ; the smell 
also was perfectly fresh.” 

The relative weights of the shell, albumen, and yelk of 
different eggs,” (iontinues Dr. Front, are very dilfereiit. Witli 
the view of investigating this point, and of obtaining something 
like an average, the l‘ollowing experiments were made. The 
eggs were boiled hard in distilled water, and the ditterent parts 
weighed immediately in their ?noist state.” 


S}\cll and membrane. 

Albumen, 

Velk. 

T otal . 

80-0 

394-3 i 

289-0 

703-3 

108-0 

593-0 

273-5 

974-5 

107-3 

575-8 

230-2 

919-3 

71-5 

510-5 1 

215-0 

803-0 

103-0 

503-7 

209-3 

870-1? 

107-0 

515-3 

1 273-4 

895-7 • 

93-2 

005-5 ’ 

1 252-4 

951-1 

92-7 

515-7 

257-0 

865-1 

96-<S 

510-0 

210-8 

818-2 

77-0 

507-4 

241-5 

880-5 

93-7 

529-8 

j 251-8 

876*3 


A similar table is tlien given, in which the weight of each of 
these eggs is supposed to be 1000 grains; and br. Front thus 
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continues : Hence, if we suppose a recent egg to weigh 1000 
parts, the relative proportions of the shell, albumen, and yelk, 
will be as 106*9, 604*2, and 288*9; and for the sake of easier 
comparison in all the subsequent experiments, the numbers are 
reduced to the above standard, or to the supposition that the 
original weights of the eggs employed were, when just laid, 
exactly 1000 grains. 

When an egg is boiled in water, it loses weight, particularly 
if it be removed from the water when boiling, and be permitted 
to cool in the open air ; the water also on examination will be 
found to contain a portion of the saline contents of the egg. 
The loss of weight from boiling is by no means constant, but 
has been found to vary from 20 to 30 grains, on the supposition, 
that the original weights of the eggs efnployed were 1000 grains. 
On the same supposition, also, it has been found, that the quan-- 
^ tity of saline matter obtained by evaporating to dryness the 
distilled water in which an egg has been boiled, amounts, at an 
average, to about *32 grain. This saline residuum is strongly 
alkaline, and yields traces of animal matier, sulphuric acid, 
phosphoric acid, chlorine, an alkali, lime and magnesia, and 
carbonates of lime and magnesia ; in short, of almost every prin- 
ciple existing in the egg. The carbonate of lime, however, is 
generally most abundant, and is obtained by evaporation in the 
Ibrm of a fine powder. 

The shells of eggs have been analyzed by Vauquelin and 
Merat .Guillot ; but these chemists seem to have ovei-rated the 
cuantity of animal matter, and of phosphate of lime contained in 
taera. When shells which had been dried in vacuo at 212°, 
were dissolved in dilute muriatic acid, the quantity of animal 
matter obtained was only about 2 per cent. ; while the quantity 
of phosphates of lime and of magnesia never ainoimted to quite 
1 per cent. ; the rest was carbonate of lime mixed with a little 
carbonate of magnesia. When burnt, egg-shells, as Vauquelin 
has observed, yield traces of sulphur and iron. 

The menibrana putamhiis, on the siq^position that the origi- 
nal weight of the egg be 1000 grains, weighs, when dried in 
vacuo at 212*, about 2*35 grains; and, on being burnt, yields 
traces'of phosphate of lime. 

It may be observed here that the great differences in the 
quantities of the eartliy matter existing in the shells of different 
eggs, have rendered the average totally inapplicable in these 
experiments, as will be shown hereafter ; hence a more detailed 
analysis of this part of the egg was deemed unnecessary."* 

S/tlifie Contents oj' the recent Fgg. 

Prior to giving, the results of Ins investigation of this part of 
tlie subject, Dr. Prout relates the manner in which his analyses 
were conducted, premising generally, that all the results were 
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obtained by combustion ; and that the following observations are 
to be understood as applicable to the whole of the experiments 
subsequently related in this inquiry.” 

The tilbumen burns with* * * § difficulty, ‘unless care be taken to 
remove the saline matter by frequent washings ; but if this point 
be attended to, the whole of the carbonaceous matter may be 
burnt oft even in a covered crucible. In the subsequent experi- 
ments, the saline and earthy matters were removed from the 
crucible after combustion by distilled water; a little ammonia 
Avas then added, and the whole permitted to remain at rest for 
24 hours; the clear solution containing the alkaline salts was 
now carefully poured oft', and the insoluble residuum, consisting 
of the phosphate of lime jind triple phosphate of magnesia and 
ammonia, after being washed with distilled water, was dried and 
weighed. The alkaline solution, together with the washings of 
the earthy phospliates, were then evaporated to dryness, and • 
exposed to a low red heat; and the weigiit of the saline residuum 
being accurately noticed, the whole w^as again dissolved in 
distilled water. A few drops of nitric acid being now added to 
neutralize the excess of alkali presinit, nitrate of barytes was 
dropped into tlie solution as long as any precipitate fell. The 
precipitate was obtained by decanting off the solution tis before, 
and, after being well washed, its weight ascertained : from this 
the (piantit^ of sulphuric acid present was determined by calcu- 
lation.^' lo the solution, thus freed from sulphuric acid, nitrate 
of barytes, and afterwards ammoiiia, were added. The phosphate 
of barytes thus obtained was collected, washed and weighed as 
before, and the quantity of phosphoric acid present obtained by 
calcnlation.i' iVitric acid was again added in slight excess to 
the original solution, and nitrate of silver dropped into it as long 
as any precipitate 1‘ell ; from the chloride of silver obtained, the 
quantity of cJihu'ine present was estimated.;}: Lastly, the weights 
of the sulphuric and ]diosphoric acids and chlorine w'cre added 
togetlicr, and theur amniint subtracted from the weight of the 
alkaline residuum formerly obtained by evaporation, the remain- 
der, of course, indicaled the quantity of potash and soda,^ and 
carbonates of potash and soda present. Finally, tlie proportion 
of tile earl hy phosphates to one aiiotlier v/as determiiiea, and the 
quantities of the bases and aci (I obtained by calculation. 

The ifvUz of the egg is exceedingly difficult of combustion ; 
and indeed without proper precautions cannot be burnt at all, on 

* On tlic supposition that the weij^ht of the atom of sulphuric add is 50, ami tliat of 
barytes 97*5, oxygen beirifT 10. 

f On the supposition that the weight of the atom of phosphoric acid is 35, that of 
oxyjijen being 10 . 

4 : On the supposition that the Aveight of the atom of clilortnc is 45, and of silver 
137*5, that of oxygen bdng 10. 

§ The quantity of soda equivalent to tlie sodium in union with the clilotine, .was 
determined by calculation. 
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account of the large (juantitv of phosphorus it contains ; which, 
by undergoing a partial combustion, forms a glassy coating that 
effectually excludes the^ contact of the air from the coal, and 
prevents its further combustion. ’After a variety of attempts, 
^be following were the two methods employed : The yelk of an 
which had been boiled hard, and dried by exposure to the 
air,' was rubbed in a mortar with a quantity of bicarbonate of 
potash. The mixture was then introduced into aplatina crucible, 
and exposed to a strong red heat, till the flame had ceased to 
escape from a small hole in the lid. Tlie crucible being now 
removed from the fire, its contents when cold, were again pulve- 
rised in a mortar with nitre. The mixture was then introduced 
a little at a time into the covered .crucible till the whole was 
burnt. To the residuum, distilled water was added, which, of 
course, took up every thing but the earthy pliosphates, which 
' were separated and weighed ; while the alkaline solution, like 
that before mentioned, obtained from the albumen, was submitted 
to the action of the appropriate reagents, and thus the (juantitics 
of the different acids present ascertained. In this manner, every 
thing was determined, except the proportion of alkaline matter 
present; and to ascertain this, other experiments wulh different 
yelks were made, in which lime and nitrate of lime w'crc substi- 
tuted for the bicarbonate and nitrate of potash.^' 

The foregoing detail is succeeded by the statement, that the 
probability that the sulphuric and jdiosphoric acids obtained 
from the egg, exist in it naturally as sulphur and pliosphorus, 
and that the metallic bases of the earthy princii)Ies are to l)e 
considered as constituent principles of the primary animal com- 
pounds,” induced the author to state the quantities of the acids 
obtained separately from the bases.” Dr. Prout also remarks, 
that as his experiments were made almost entirely with the 
view of comparison only,” he did not enter into any very 
minute discriminations, which did not appear to be iinincdiately 
necessary to his purpose.” 

The contents of the following table of the relative proportions 
of the saline principles of difi’erent eggs, were selected as exam- 
ples, from a variety of other analyses ; the weight uf each egg 
beipg reduced to 1000 grains : 
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m 


Potash^ liime, mag- 

—j I 


Sulphuric 

phosphoric 

Clilorine. 

da, and 

nesia, and 

acid. 

acid. 

carb, of 

carb. of 




ditto. 

ditto. 

No. 1. Albumen. 0*29 

0-45 

”0-94 

2-92 

0-30 

Yelk.... 0-21 

3-56 

0-39 

0-50 

0‘68 

Total . . . 0-60 

4-01 

1-33 

3-42 

~98 

No. 2. Albumen. 0*15 

0-46 

0-93 

2-93 

0-25 

Yelk .... 0*06 . 

3-50 

0-28 

0'27 

0-61 

Total . .. 0*21 

3-96 j 

i-2r~ 

3-20 

~0-86 

No. 3. Albumen. 0'18 

0-48 

0-87 

2-72 

0-32 

Yelk.... 0-19 

4-00 

0-44 

0-51 

0-67 

Total . . .1 0-37 

~-48 

~31 

~l-23 

()-99« 


Dr. Prout next gives the following analysis of the shell of the 
recent egg : The egg from which tlie yelk had been taken, 
which is tliG subject of the following experiment, had been 
boiled hard in distilled water, and the yelk, in its moist state, 
w^as found to weigh 316*5 grains. It was then partially dried by 
exposure to the air for several weeks ; and to remove the 
remainder of the water was reduced to powder, and e^osed to 
a temperature of somewhat more than 212‘k The total loss of 
weiglit was 170*2 grains, which was supposed to indicate the 
quantity of water present. The remainder was now digested 
repeatedly in alcohol of specific gravity *807, till that fluid came 
off colourless. The residuum was perfectly white and pulveru- 
lent, and possessed many of the properties of albumen ; but it 
diflered from that principle by the large proportion of phosphorus 
it contained in some unknown state of combination. The alco- 
holic solution was of a deep-yellow colour, and deposited crystals 
of a sebaceous matter, ‘and a portion of a yellow semi-fluid oil. 
On distilling oft’ the alcohol, the oil was obtained in a separate 
state. On cooling, it became nearly solid, ‘and weighed 91 grains. 
The albuminous principle above-mentioned weighed 55*3 grains. 
Hence this yelk consisted of 

* “ Besides the above principles, iron is met with in almo^ all products of comhus.. 
tion ; and the quantity in the egg, as tlie process of incubation proceeds, apppcntly 
increases considerably ; but it was found impossible to ascertain its quantity with any 
flegrcc of precision.” 
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Water 170*2 

Albumen* 65*3 

Yellow oil 91*0 


31(i-5 

But I have reason to believe that the proportions of these 
ingredients differ a little in different eggs.’^ 

Experiments on the Kgg at the End of the first Week of I nciiba^ 
tion, or about the Sth Da^/. 

At the end of the first week, it was found, on an average, that 
the egg had lost about 50 grains in the 1000, and the weights of 
its constituent principles in their moist ‘state, were as follows : 'f 


Unchanged albumen 232*8 

Modified albumen . 1 79*8 

Liq. amnii, membranes, blood vessels, &c. . 97*0 

Animal 22*0 

Yelk 301*3 

Shell and loss 167*1 


1000-0 

Dr. Prout here makes the following brief remarks on the 
general phenomena presented by the different constituent prin- 
ciples of the egg at those periods at which it has been submitted 
to examination. 

It has been remarked by many observers, that soon after the 
process of incubation has commenced, the yelk becomes more 
fluid than usual; and that as the liquor amnii increases, that 
portion of the albumen occupying the upper and larger end of 
the egg, begins to assume a peculiar appearance. In the pre- 
sent experiments (in which the egg was always previously boiled), 
the liquor amnii and portion of albumen in question, at tne period 
now under consideration, exhibited somewhat the appearance of 
curds and whey. Nor did the analogy consist in mere appear- 
ance ; for the curdy-looking matter, which was of a yellow 
colour, and which I have termed rnodified albumen, resembled 
the enrdy part of milk in its properties, so far as to contain inter- 
mixed with it an oily or butyraceous principle. A portion of 
this oily principle, on being separated and examined, was found 
to be soluble in alcohol, of a bright yellow colour; and, in short, 

* “ This proportion of the albuminous principle does not differ mucli from that stated 
to exist in the yelk of the common fowl, by Sir. Hatchett. Philos. Trans, vol. cvi. 
p. 30S.” 

+ In the original paper, the weights of the constituents of two eggs are here given ; 
the same is the case witli the following series of experiiucnts, and with all the remaining 
analyses except two ; but as no striking diilerenccs arc thus presented, only one of each 
kind’ is given in this abstract. 
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to possess all the properties of the yellow oil existing in the yelk. 
The yelk at this period, as before observed, has become more 
fluid, and appears larger, and of a paler colour than natural. 
Haller, indeed, asserts, thatnt has not hicreased in weight ; but 
the above table renders the reverse very probable. These 
appearances of the albumen and yelk have induced most obser- 
vers to believe that an interchange of principles takes place 
between them ; while others seem to have mistaken the yellow 
modified albumen for the yelk itself. That an interchange of 
principles has taken place, at least under the above circum- 
stances, there can be no doubt ; yet the two are not indiscrimi- 
nately mixed ; for when the egg has been previously boiled, the 
yelk, though softer than natural, is nevertheless rendered of a 
firmer consistence than the modified albumen, and can thus be 
readily separated from it ; there is, moreover, a distinct line of 
demarcation between them, arising, apparently, from the proper 
membrane of the yelk. Another argument in favour of the 
opinion of the intermixture of the albumen and yelk at this 
period, is derived from the following analyses of these constituent 
principles of the egg; from which it will be found that the quan- 
tity of the saline matter is diminished in the albumen, and 
increased in the yelk. It is a singular and striking tact, how- 
ever, that although the oily matter of the yelk has made its way 
to the albumen , v(‘ry little of the phosphorus, which exists in such- 
large quantities in the yolk, has been removed with it/’ 




Phos- 

phoric 

acid. 


Potasli, so-^ 

liime, mag- 


Sulphu- 
ric acid. 

Chlorine, 

da, and 
carb. of 

ncsia, and 
carb. of 




ditto. 

ditto. 

Unchanged albumen. 
Mudi/ted albumen, li- 

0-13 

0-27~ 

! 

o-iy 

1-03 

0-18 

quor amnii, animal,' 
membranes, &c. . 

0-()8 

0-38 

0-4') 

1-17 

0*12 

Yelk ^ 


4-03 

O-fJO 

0-80 

0-08 




0-30 

4-68 

~-24 

3-00 

0-98 

'• . — 


The results of an analysis made on the 10th day of incubation, 
show, that at this period the proportion of phosphorus is 
soiiH'what diminished in the yelk, and increased in the animal 
and its appendages. The chlorine and alkaline principles seem 
also to have diminished in the yelk and to have increased a 
little in the albuminous portion.” 

Experiiiieuls on ihc /’’gg nl fhe End oj the *seco?id Week, or 
about Ike iblk .Dap oJ' Incubation, 

The egg has now lost, upon an average, about 1 30 grains in 



108f Dr. Trout on the Changes in the fixed PrinsipJes [FebI 

the 1000, and the weights of its constituent principles are as 
follows : 

^ Grains. 


Unchanged albumen * 175*5 

Liquor amnii, membranes, &c 273-5 

Animal a 70*0 

Yelk 250-7 

Shell and loss 230-3 


1000-0 

At this period, the animal has attained a considerable size, 
while the aloumen has become diminished in a corresponding 
degree. The albumen has also acquired a very firm consistence, 
especially when coagulated by heat. 

The liquor amnii has become more fluid, and the modified albu- 
men, formerly mentioned, has very much diminished in quantity, 
or disappeared.* The yelk, which at the end of the first week 
seemed to have increased in bulk and fluidity, has now appa- 
rently acquired its original size and consistence.’^ 


Unchanged albumen, 
Liq. amnii, mem- 
branes, &c 

Animal 

Yelk 


Sulphu- 
ric acid. 

Phos- 

phoric 

acid. 

Chlorine. 

Potash, so-jLime, niag- 
da, and nesia, and 
carb. ofl carb. of 
ditto. ditto. 

0-07 

0-22 

0-09 

0-73 

0-10 

0-06 

0-21 

0-71 

0-96 

0-08 

006 

0-23 

0-09 

0-46 

0-27 

0-30 

3-34 

0-16 

0-G8 

0-69 

0-49 

4-00 

1-06 

2-83 

1-14 


From the results of an analysis made two days later, or on the 
17th day of incubation, it appears that at this period the yelk 
has yielded some of its phosphorus and sulphur to the other prin- 
ciples of the egg ; that the chlorine has increased in the yelk, 
and diminished in the other })rinciples ; that the relative propor- 
tions of alkaline bodies remain much the same as on the 15th 
day ; and that the earths have increased in quantity a little in the 
yelk, and very considerably in the other principles. 

Experiments on the .Egg at the End of the third Week, or at 
the full Period of Incubation, 

At this period an egg has lost upon an average about 160 

About this thue Hai*vcy, and other observers, have noticed the appearance of a 
curdy or coagulated substance in the esophagus, crop, stomach, and intestines of the 
iinitnal. Is tljis a portion of the modified albumen above-mentioned ?’• 
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grains in 1000 ; and the weights of its constituent principles in 
their moist state and without boiling, are as follows : 

» • 

Grains. 

Residuum of albumen, membranes, &c. 29*6 


Animal 555. 1 

Yelk 167*7 

Shell and loss 247*7 


1000*0 

At this period all the#iraportant changes of incubation are 
completed. The albumen has now disappeared, oris reduced to 
a few dried membranes and an earthy residuum (apparently con- 
sisting of the original earthjr matter of the albumen which has 
remained unappropriated), ^fhe yelk is considerably increased 
in size,'^ and is taken into the abdomen of the chick ; while the 
animal has attained a weight nearly corresponding to the original 
weight of the albumen, added to that lost by the yelk, viinas the 
total weight sustained by the egg during incubation. The alka- 
line matters and chlorine which have been decreasing from the 
commencement of incubation, have now undergone, further dimi- 
nution in quantity, while the earthy matters have increased in the 
most striking manner. The other principles seem to have suffered 
very little change in quantity 


• 

Sulphu- 
ric acid. 

Phos- 

pluu’ic 

acid. 

Chlorine. 

Residuum of albumen, 




membranes, &c, . . 

0-04 

0-12 

o-oa 

Animal 

0-44 

:3-02 

0-55 

Yelk 

0-04 

1-OG 

0-03 


0 - 52 ' 

4-20 1 

0-G7 


Potash, ao-lLimc, mag- 


da, and 

nesia, luid 

carb. of 

carb. of 

ditto. 

ditto. 

0-23 

0-12 

2 - 2 G 

2-53 

O-OG 

1-2G 




2-55 

3-96 


llr. Prout observes, that the analyses in his paper are selected 
as the most perfect, from a variety of others made at each period, 
all of which coiiHrm the results lie has given : and he then states 
his conclusions from them, thus : 

“ These experiments, then, demonstrate, or render probable, 
the following circumstances : 


* “ This has hecu toied or doubted by some writers, espedally Halior sad Pr. Zilax 
cartney.*^ « 
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*^l.Thut the relative weights of the constituent principles of 
different eggs vary very considerably. 

2. That an egg loses about one-sixth of its weight during 
incubation, a quantity amounting to eight times as much as it 
loses in the same time under ordinary circumstances. 

3. That in the earlier stages of incubation, an interchange of 
principles takes place between the yelk and a portion of the 
albumen ; that this interchange is confined on the part of the 
yelk to a little of its oily matter, which is found mixed with the 
above-mentioned albumen ; that this portion of albumen under- 
goes some remarkable changes, and is converted into a sub- 
stance analogous in its appearance, as well as in some of its 
properties, to the curd of milk ; and Ikstly, that a portion of the 
watery and saline portion of the albumen is found mixed with 
the yelk, which becomes thus apparently increased in size. 

4. That as incubation proceeds, the saline and watery parts 
again quit the yelk, which is thus reduced to its original bulk ; 
that in the last week of the process, it undergoes still further 
diminution in weight, and loses the greater portion of its phos- 
phorus, which is found in the animal converted into phosphoric 
acid, and in union with limey constituting its horn/ skeleton ; and 
lastly, that this lime does not originally exist in the recent egg, 
but is derived from some unknown source during the process of 
incubation.” 

Dr. Prout concludes this valuable communication with some 
remarks on the uses of the yelk, and the apparent generation of 
earthy matter. The opinion that the yelt is analogous to the 
milk of viviparous animals, but more concentrated, and that its 
chief use is to afford a pabulum to the young animal during incu- 
bation,” is, he says, corroborated in a striking manner by the 
present inquiry.’^ 

** With respect to the earthy matter found in the skeleton of 
the chick when it quits the shell,” continues Dr. P. I think I 
can venture to assert, after the most patient and attentive inves- 
tigation, that it does not j7re-exist in the recent egg ; certainly 
not, at least, in any known state. The only possible sources, 
therefore, whence it can be derived, are from the shell, or trans- 
mutation from other principles. Whether it be actually derived 
from the shell, cannot be determined by chemistry ; because, as 
we have seen, the shells of different eggs diff er so much, that the 
application of averages is out of the question ; and we are of 
course precluded from ascertaining the exact quantity of lime 
any particular shell originally contains. There are, however, 
very strong reasons for believing, that the earthy matter is not 
derived from the^shell. In the first place, the membrana puta- 
minis never becomes vascular, and seems analogous to the epi- 
dermis ; hence Ihe lime of the shell, which is exterior to this 
membrane, is generally considered by physiologists as extras 
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vascular;* it is, therefore, extremely difficult to conceive how 
the earth in question can be introduced into the economy of the 
chick from this source, ^particularly .during the last week of 
incubation, when a very large portion of the membranes are 
actually separated from the shell. Secondly, both the albumen 
and yelk contain, at the end of incubation, a considerable pro- 
portion of earthy matter (the yelk apparently more than it did 
originally) ; why is this not appropriated in preference to that 
existing in the shell ? In opposition to these arguments, it will 
be doubtless stated, that the shell of the egg becomes brittle at 
the end of incubation, and appears to undergo, during that pro- 
cess, some other changes not at present understood. To which 
it may be answered, thut«this brittleness has been attributed to 
the separation of the meinbrana putaminis, and the exsiccation 
of the ports by so long an exposure to the heat necessary to the 
process of incubation ; and in this manner all the known changes 
produced in the shell by incubation may, perhaps, be satisfacto- 
rily accounted for. Until, therefore, it be demonstrated that 
some other changes take place in the shell, I confess this argu- 
ment does not seem to me to have much weight, I by no 
means wish, however, to be understood to assert, that the earth 
is not derived from the shell ; because, in this case, the only 
alternative left me is to assert, that it is formed by transmutation 
from other matter; an assertion, which I confess myself not bold 
enough to make in the present state of our knowledge, however 
strongly I may be inclined to believe that, within certain limits, 
this [)Ower is to be ranked among the capabilities of the vital 
energies.'^ 


Dr. Front has requested me to insert the following correction 
of a passage in his paper : — In the twenty-second page of the 
paper itself, or p. 398 of the Philosophical Transactions, line 6 
IVoiii the bottom, J\)r after incubation,” read “ after it had 
left the egg.” — Ecfit, 

• Sec an essay ‘ On the (Connexion between the Vascular and Extra-Vascular 

Parts of Animals,’ by Sir A, Carlisle. — (Thomson’s AnnaUy vol. vi. p. 174).** • 
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Article V. 


An Account of the Process of smelting Coj 
Hafod Copper Works^ near Swansea. 
Esq. FR^ MGS. 


er as conducted at the 
y John Henry Vivian, 


[Having lately been consulted by Messrs. Vivian and Sons, 
proprietors of tne Hafod Copper Works, as to the means by 
which the inconvenience arising from the smoke of the copper 
works might be remedied, the following account, forming a part 
of Messrs. Vivian^s statemetft, appeared to me to possess much 
general interest: I, therefore, requested, and readily obtained, 
permission to publish it. — Edit.'] 

The copper ores smelted in the works in South Wales are for 
the most part raised in the mines of Cornwall and Devon. They 
consist chiefly of yellow copper ore or copper pyrites, and the 
grey sulphuret of copper. The yellow ore is a compound of 
sulphur, iron, and copper, in nearly equal proportions. The 
grey ore, at least what is known in Cornwall under that deno- 
mination, is almost a pure sulphuret of copper containing about 
80 per cent, of metal. Yellow ore, which is by far the most 
abundant, is usually accompanied by iron pyrites, or sulphuret 
of iron. The earthy minerals that occur with these metallic 
substances are chiefly siliceous, although in some mines the 
veins are of an argillaceous or dayey nature, while in others they 
contain fluor spar, or fluate of lime. Thus the component parts 
of the Cornish cQpper ores, us prepared for smelting, may be 
said to be sulphur, copper, iron, and from 60 to 70 per cent, of 
earthy matter. To these may be added, as accidental, tin and 
arsenic; for although these substances are not chemically 
combined with tlie copper, still as the ores of tin and copper fre- 
quently occur ill the same vein, it is impossible to effect their 
complete separation by mechanical means. Tlie quantity, how- 
ever, compared with tiie substances above enumerated, is incon- 
siderable ; for as the miner is not paid for the tin when contained 
in copper ores, it is of course his interest to separate it as clean 
as possible. The arsenic is derived from the arsenical pyrites 
wliich usually accompanies tin ores. The av^erage produce in 
copper may be stated at 8^ per cent. 

The ores are conveyed from Cornwall to Wales to be smelted 
on account of the supply of fuel, as not only carrying the smaller 
quantity to the greater, the ore to the coal, but because the ves- 
sels load back coal for the use of the engines of\he mines. The 
principal smelting works are situated on the navigable rivers of 

New Series f vol. v, i 
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i&wansea and Neath. The processes in a copper work are simple : 
they consist of alternate calcinations and fusions. By the former 
the volatile matter is expelled, and the metals previously com- 
bined with the copper dxidized, th% general fusibility of the mass 
being thereby increased. The calcination is in fact a prepara- 
tory process to the fusion, in which the metallic oxides and 
earthy matters, being rendered specitically lighter than the metals, 
float on the surfi&ice, and are skimmed off as slags. 

The furnaces in which these operations are perfonned are 
reverberatory, and of the usual construction. The substance to 
be acted on is placed on the body of the furnace or hearth, which 
is separated from the fire place by a bridge of bricks about two 
feet in thickness. The flame passes pver this bridge, and, rever- 
berating along the roof of tlie furnace, produces the required 
temperature, and escapes with any volatile matter that may be 
disengaged from the ore or metallic sulphurets through a flue 
at the opposite extremity of the furnace, which flue communicates 
with a perpendicular stack or chimney. 

These furnaces are of two descriptions, varying in their dimen- 
sions and internal form. The calcining furnaces, or calciners, are 
furnished with four doors or openings, two on each side the 
furnace, for the convenience of stirring the ore, and drawing it 
out of the furnace when calcined. They vary in their dimensions, 
but are commonly from 17 to 19 feet in length from the bridge 
to the flue, and from 14 to 16 in width ; the fire-place from 4^^- 
to 5 feet across by 3 feet. 

The melting furnaces are much smaller than the calciners, 
not exceeding 11 or 11 feet in length by 7^ or 8 feet in the 
broadest part ; the fire-place is larger in proportion to the body 
of the furnace than in the calciner, being usually from 3 J to 4 feet 
across, and 3 or 3-^ feet wide, as a high temperature is required 
to bring the substances with as little delay as possible into 
fusion. These furnaces have only one door, which is in the 
front part of the furnace. The accompanying sketches may 
convey some idea of the construction of these furnaces ; fig. 1 
being a plan of a calciner ; fig. 2 of a melting furnace. 
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Fig- i- Pig. 2. 



a. Hearth or body of furnace. 

b. Bridge. 

c. Fire place. 

d. Flue. 

e. Stack, or chimney. 

f. Tapping hole. 

g. Skimming door in melting furnace. 
hhhh* Stirring doors in calciner. 

The "orocesses are conducted in the following order ; 

1. The copper ore calcined. 

2. Calcined ore melted. 

3. Coarse* metal from Process 2, calcined. 

4. Calcined coarse metal melted. 

5. Finei- metal from Process 4 calcined. 

6. Calcined fine metal melted. 

7. Copper from Process 6 roasted. 

8. Coarse or blistered copper refined. , 

Metal, means sulphuret when thus used ; and coarse metal, sulphurel of copper and 
iron. ^ 

t Fine metal, ditta with larger proportion of copper. 



116 


Mr. Vivian*s Account of the 

Prockss I . — The Calcination of the Ore. 

The copper ores, when discharged from the vessels in which 
they are brought from Cornwall, are wheeled into yards or plots 
contiguous to the works, and there deposited, one cargo oyer 
the other, so that, when cut down perpendicularly to be carried 
to the furnaces, a tolerably general mixture is formed of the ores 
of the county. This is always desirable in a smelting work, as, 
the ores being of different qualities and component parts, the one 
acts as a flux for the other. A more accurate mixture, calculated 
from the chemical analysis of each parcel of ore, might be prefera- 
ble; but this on a large scale cannot be practised, as it would be 
impossible to keep the ores separate* on the different wharfs in 
Cornwall, to ship them separately, and to have sufficient space on 
the wharfs at the works to receive them. 

The ore in the yard is weighed over to the calciner-men 
in boxes, contslining each one hundred weight. These are 
carried on men’s shoulders to the calciners, and emptied 
into iron bins or hoppers, formed by four plates of cast iron 
tapering to the bottom, placed over the roof of the furnace, and 
supported by wrought iron frames resting on its sides. From 
these bins, the ore is passed into the calciner through a hole in 
the roof immediately below the bottom of the hopper. Two of 
. these bins are usually placed over each calciner, and nearly 
opposite the side doors, so that the charge of ore, when let into 
the furnace, may be conveniently spread, which is done by means 
of long iron tools, called stirring rabbles. 

This charge of ore usually consists of three to three and a half 
tons. It is distributed equally over the bottpni of the calciner, 
which is made of fire bricks or square tiles. The fire is then gradually 
increased : so that towards the end of the pro*cess, which lasts 
12 hours, the heat is as great as the ore* will bear without being 
fused or baked together. To prevent this taking place, and to 
assist the disengagement of the sulphur, the ore is frequently 
stirred during the operation, and fresh surfaces exposed. At the 
expiration of the 12 hours, the charge is drawn out through holes 
in the bottom of the calciner, of which there is one opposite to 
each door, and, falling under the arch of the furnace, remains 
there till it is sufficiently cool to be removed, when water is 
thrown over it to prevent the escape of the finer particles ; it is 
then put into barrows, and wheeled to the proper depots. In this 
state it is called calcined ore. If the process has been well 
conducted, the ore is black and powdery. The dark colour is 
no doubt owing to a portion of the iron being oxidized during 
the process, by which the ores acquire an increased degree of 
fusibility. The quantity of iron oxidized during the first calcina- 
tion is, however, small in proportion to the contents in the ore, 
as the metal is protected from the action of the air by the mass 
of earthy matter wjith wliich it is combined, and by the sulphur 



1823 .] , Process of smelting Copper. 117 

and other volatile substances. The sulphur that is expelled is^ 
in no part sublimed as flowers of sulphur, but is all acidified, 
and the process being conducted with admission of atmospheric 
air is properly a roasting. ^ 

Process II . — The Melting of the Calcined Ore. 

The calcined ore is delivered, as in the raw state, to the work^ 
men in boxes containing I cwt. each. The charge is deposited 
in the same manner ifi a bin placed on the top of the furnace^ 
and from thence passed into the interior as required. When the 
charge is let down and spread over the bottom, the door of the 
furnace is put up, ahd well luted. Some slags from the fusion of 
the coarse metal or sulphuret are added, not only on account of 
the copper they contain, but to assist the fusion of the ore, being 
chiefly composed of oxide of iron. These are thrown into the 
furnace through the front door. 

After the furnace is charged, the fire is made up, and the main 
object of the smelter is to bring the substances into fusion : it is, 
therefore, in this respect different from the calcining process. 
When the ore is melted, the door of the furnace is taken down, 
and the liquid mass well rabbled, or stirred, so as to allow of 
the complete separation of the metallic particles from the 
slags or earthy matters, and to get the charge clear of the 
bottom of the furnace, which is made of sand, and soon becomes 
impregnated with metal. The furnace being ready ; that is, the- 
substances being in perfect fusion, the smelter takes an iron 
rabble, and skims off, through the front door, the sand or slags 
consisting of the earthy matters contained in the ore, and any 
metallic oxides that may have been formed, which, being speci- 
fically lighter than the metals in the state of sulphuret, float on 
the surface. When the metal in the furnace is freed from slags, 
the smelter lets down a second charge of ore, and proceeds with 
it in the same manner as with the first; and this he repeats until 
the metal collected in the bottom of the furnace is as high as 
the furnace will admit of without flowing out at the door, which 
is usually after the third charge ; he then opens a hole, called the 
tapping hole, in the side of the furnace, through which the metal 
flows into an adjoining pit filled with water. It thus becomes 
granulated, and collects in a pan at the bottom of the cistern, 
which is raised by means of a crane. It is then filled into 'bar- 
rows, and wheeled to the place appointed for its reception. 

The slags received into moulds made in sand in the front of the 
furnace, are removed after each charge, and wheeled out of the work 
lo the slag hanky where they are broken, and carefully examined; 
any pieces found to contain particles of metal, are returned to the 
smelter to be remelted; and unless the slag is very thick and 
tenacious, the copper which they may contain is found at the 
bottom. What is clean or free of metal is rejected. These 
slags are composed of the earthy matters contained in tbo or« 
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^Vkd the oxides of iron and other metals that were mixed with 
the copper. The oxide of iron gives them a black colour. The 
silex or quartz remains in part unfused^ and gives the slags a 
porphyritic appearance. 

In this process, the "copper is concentrated, and a mass of 
stuff with which it was combined in the ore got rid of. The 
granulated metal usually contains about one-third of copper. It 
IS thus four times as rich as the ore, and must consequently 
have diminished in bulk in the same proportion. Its chief com- 
ponent parts are sulphur, copper, and iron. 

The most important point to be attended to in this process is to 
make a fluid good mixture of earths and metals, so that the copper 
which is combined with the sulphur, may from its greater specilic 
gravity, settle at the bottom, and yieid clean slags. This object 
IS effected chiefly by means of metallic oxides, the slags from 
Process 4, which are melted with the ore, being almost wholly 
black oxide of iron. When the ores are very stubborn or diffi- 
cult to melt, a box of floor spar is added to the charge, but it is 
not desirable to increase the bulk of matter in the furnace unless 
required. 

The men work round the 24 hours, and commonly melt in this 
time five charges. Under favourable circumstances, as fusible 
ore, strong coal, furnace in good repair, they even do six charges. 
They are paid by the ton. 

'Process III, — Calcination of the Coarse Metal, the Product of 

the first Fusion. 

This is conducted in precisely a similar manner to the calcin- 
ing of the ore The charge is nearly of the same weight; but UvS 
it IS desirable to oxidize the iron, which is more readily effected 
in this process than in the ore calciners, where it is protected 
from the action of the air by the earthy matters with which it is 
combined, the charge remains 24 hours in the furnace, and dur- 
ing that time is repeatedly stirred and turned. The heat during 
the first six hours should be moderate, and from that time gra- 
dually increased to the end of the operation. 

Process IV. — Melting of tht Coarse Metal after it has under^ 
^ gone Calcination. 

This is performed in furnaces precisely similar in construction 
to those in which the ore is melted ; and with the calcined metal 
are melted some slags from the last operations in the works which 
contain some oxide of copper, as likewise pieces of furnace bot- 
toms impregnated with metal, the proportion of each varying 
according to the stock or to the quality of the calcined metal. 

The chemical effect which takes place is, that the oxide of cop- 
per in the slags be^JOines reduced by a portion of the sulphur which 
cgmbines with the oxygen, and passes oft* as sulphurous acid gas, 
while the metal thus reduced enters into combination with Uie sul- 
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phuret. That there may be a sufficient quantity of sulphur ia 
the furnace to promote these charges, it is sometnaes necessary, 
when the calcined metal is in a forward state^ to carry a small 
quantity of raw or uncalcined metal, so that a clean slag may be 
obtained. • 

The slags from this operation are skimmed off through the 
front door, as in the ore furnaces. They have a high specific 
gravity, and should be sharp, well melted, and free from metal 
rn the body of slag. Such particles of metal as are dmwn offi 
which, from the thinness of the slags, will commonly happen, 
should sink to the bottom of the slag while it is in the liquid 
state. These slags, as has been before observed, are melted 
with the ore, not only for the purpose of extracting tlie copper 
they may contain, but on account of their great fusibility, as, 
being composed chiefly of the black oxide of iron, they fuse 
readily, and act as solvents for other substances, earthy mat- 
ters, &c. In some cases, the slags from the metal furnaces 
are melted in a distinct furnace with some small coal or carbo- 
naceous matter, and in this case, the slags resulting therefrom 
are even sharper than those from the metal furnaces, they have a 
crystalline splendent appearance, and crystals are frequently to 
be observed in the interior. 

The metal in the metal furnace, after the slag is skimmed off, 
is either tapped into water, as from the ore furnaces, or into 
sand beds, according to the mode of treatment it is to bo sub- 
jected to in subsequent operations. In the granulated state, it 
is called fine metal; in the solid form, blue metal, from the colour 
of its surface. The former is practised when the metal is to be 
brought forward by calcination. Its produce in fine copper is 
about 60 per cent. 

Process V . — Calcination of the Fine Metal. 

This is performed in the same manner as the calcination of tlie 
coarse metal. 

Process VI . — Melting of the calcined Fine Metal. 

This is performed in the same manner as the melting of the 
coarse metal ; the resulting product is a coarse copper from 80 
to 90 per cent, of pure metal. • 

Process VII. — Feasting. 

This is chiefly an oxidizing process. It is performed in fur- 
naces of the same description as the melting furnaces, although 
distinguished by the appellation of roasters. 

The pigs of coarse copper from the last process are filled into 
the furnace, and exposed to the action of the air, which draws 
through the furnace at a great heat ; the temp/rrature is gradually 
increased to the melting point, and the expulsion of the volatile 
substances that remained is thus completed, and the iron or 
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other itietald still combined with the copper are oxidized. The 
charge is from 25 to 30 cwt. The metal is fused towards 
the eifd of the operation, which is continued for 12 or 24 
hours, according to the state of, forwardness when filled into 
’^he furnace, and is tapped into sand beds. The figs, are 
Covered with black blisters, and the cdpper in this state is known 
by the name of blistered copper. In the interior of the pigs, the 
metal has a porous honeycombed appearance, occasioned by the 
gas formed during the ebullition which takes place in the 
sand beds on tapping. It is in this state fit for the refinery, the 
co^oper being freed from nearly all the sulphur, iron, and other 
su"bstances, with which it was combined. 

Another mode of forwarding the metal for the refinery, still 
practised in some works, is by repeated roastings from the state 
of blue or fine metal ; this, however, is a more tedious method 
of proceeding. 

The oxidizing processes, whether conducted in a calciiier or 
furnace, depending on the admission of atmospheric air into the 
body of the furnace, are greatly assisted by a patent, the exclu- 
sive right to which we purchased of Mr. Sheffield, the inventor, 
by w'hich a constant stream of fresh air is kept passing over the 
metal. This is effected by means of a channel formed in the 
middle of the bridge, communicating with the external air at its 
two extremities, and with the interior of the furnace by square 
•holes formed in the bridge at right angles with the channel. 
This has a very powerful effect in forwarding the process, and 
not only promotes the oxidation of the metals, but has the eff ect 
of igniting and consuming the coal smoke, assists in the disen- 
gagement of the sulphur, and, by keeping the bridge cool, admits 
of a more regular heat throughout the furnace. 

Prockss VIII . — Refining or Toughening, 

The refining furnace is similar in construction to the melting 
furnaces, and differs only in the arrangement of the bottom, 
which, is made of sand, and laid with an inclination to tlie 
front door instead of to one side, as is the case in those furnaces 
in which the metal is flowed out ; the refined copper being 
taken out in ladles from a pool formed in the bottom near the 
front door. The pigs from the roasters are filled into the fur- 
nace" through a large door in the side. The heat at first is mode- 
. rate, so as to complete the roasting or oxidizing process, should 
the copper not be quite fine. After the charge is run down, 
and there is a good heat on the furnace, the front door is taken 
down, and the slags skimmed off; an assay is then taken out by 
the refiner with a small ladle, and broken in the vice ; and from 
the general appearance of the metal in and out of the furnace, 
the state of the fife, 8cc. he jiulgcs whether the toughening pro- 
cess may be proceeded with, and can form some opinion as 
to the quantity of poles and charcoal that will be ixupiirecl 
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to render it malleable, or, as it is termed,^ to bring it to the 
proper pitch. The copper in this state 13 what is termed 
rfry. It is brittle, is 01 a deep-red colour inclining to purple, 
an open grain, and a crystalline structure. In the process 
of toughening, the surface of the metal in the furnace is first 
well covered with charcoal. A pole commonly of birch is then 
held in the liquid metal, which causes considerable ebullition, 
owing to the evolution of gaseous matter, and this operation 
of poling is continued, adding occasionally fresh cnarcoal, 
so that the surface of the metal may be kept covered until from 
the assays which the refiner from time to time takes, he perceives 
the grain, which gradually becomes finer, is perfectly closed, so as 
even to assume a silky polished appearance in the assays when 
half cut through and broken, and is become of a light-red 
colour. He then makes further trial of its malleability by taking 
out a small quantity in a ladle, and pouring it into an ironmoulc, 
and when set^ beating it out while hot on the anvil with a sledge. . 
If it is soft under the hammer, and does not crack at the edges, 
he is satisfied of its malleability, or as they term it, that it is in 
its proper place^ and directs the men to lade it out, which they 
do in iron ladles coated with clay, pouring it into pots or moulds 
of the size required by the manufacturer. The usual size of the 
cakes for common purposes is 12 inches wide by 18 in length. 

The process of refining or toughening copper is a delicate 
operation, requiring great care and attention on the part of the 
refiner to keep the metal in the malleable state. Its surface 
should be kept covered with charcoal, otherwise it will go back 
between the rounds of lading, the cakes being allowed to cool 
in the pot, and others laded thereon. In this case, fresh poling 
must be had recourse to : over-poling is to be guarded against, 
as the metal is. rendered thereby even more brittle than when in 
the dry state. Its colour becomes a light Vellowish-red ; its 
structure fibrous. When this is found to be tne case, or as they 
say, gone too far, the refiner directs the charcoal to be drawn off 
the surface of the metal, and thus by taking down the side door, 
and exposing the copper to the action of the air, it is brought 
back to its proper pitch ; that is, it again becomes malleable. 

Are we to conclude from this, that copper in its dry state is 
combined with a minute portion of oxygen? or that soihe oxide 
of copper is diffused through, or combined with, the metdl; that 
it is deprived of this by poling, and is then rendered malleable ; 
and that, when gone too far, it is combined with a minute portion 
of carbon ; that, like iron, either substance will render it brittle, and 
that it is only malleable in a certain intermediate state when free 
from both carbon and oxygen ?* Or is the effect of the pole merely 

Another indication of the presence of oxygen in the dfy copper, is afforded by the 
cxtriufrdinary action which it has u{>on the iron tools ; they become bright, like ijon in 
a smith’s ft)rge, and arc consumed much more rapidly than when the copper is m a 
malleable state. 
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xaeclianical> that of closing the grain, and altering the texture or 
8lme^*>re ctf the metal ? 

It is a r^uiaikiibte ciromnstance that when copper is gone too 
fap; it oxidizes slowly on the surface, thus strengthening the 
supposition of its being combined*'in that state with carbon, as 
that substance, from its union with the oxygen of the air, would 
prevent the oxidation of the metal. The surface of the liquid 
metal in the furnace is also more than usually splendent when 
over-poled, reflecting every brick in the roof, being then quite 
free from oxide. 

Sometimes when copper is difficult to refine, a few pounds of 
pig lead are added to the charges of copper. The lead acts as a 
purifier, by assisting, on being oxidized itself, the oxidation of 
the iron or any metsu that may remain combined with the copper, 
and not, as may be supposed, by uniting with the copper, and 
thereby increasing its malleability. This is a mistaken notion, 
and may lead to further embarrassment, as the smallest portion 
of lead combined with copper renders the metal difficult to pickle^ 
or clean from oxide, when manufactured, as the scale or oxide 
will not rise clean from the surface of the sheets. The lead should 
be added immediately on the door being taken clown preparatory 
to skimming, and the copper should be well rabbled, and exposed 
to the action of the air, so as to promote the entire oxidation of 
the lead. 

Copper for brass making is granulated that its surface may be 
increased, so as to combine more readily with the zinc, or cala- 
mine. 

This is effected by pouring the metal from the ladles in which 
it is taken out of the furnace into a large ladle pierced in the 
bottom with holes, and supported over a cistern of water. The 
water may be eitherliot or cold, according to the form to be given 
to the metal. When warm, the copper assumes a round form, 
and is called bean shot. When a constant’ supply of cold water 
is kept up, the metal has a light ragged appearance, and is called 
feathered shot. The former is the state in which it is prepared 
for brass wire-making. 

Another form into which copper is cast, chiefly for exports to 
the East Indies, is in pieces of the length of six inches, and 
weighing about eight ounces each. These are called Japan 
coppCK, The copper is dropped from the moulds immediately on 
its becoming solid, into a cistern of cold water, and thus, by a slight 
oxidation of the metal, the sticks of copper acquire a rich red 
colour on the surface. 

The charge of copper in the refining furnaces at Hafod is 
from three to five tons. The quantity of pure copper made 
weekly in the Hafod works, is from 40 to 50 tons. In the 12 
months ending June 30, 1822, the purchases of ore amounted to 
24,400 tons, containing 2144 tons of pure copper. 

Contiguous to the Hafod smelting work is a powerful rolling mill. 
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It is worked by a steai^-^ngine of 40 inch cylinder^ and contains 
four pair of rolls. The cakes of copper are l^e mana&etured 
into sheets and sheathings for export and home eonsuniptton* 
It is packed into cases which are lowered from the mills into 
vessels, and forwarded to tBe different* markets. The shru^\ 
that is, the edges (cut off on trimming the sheets), and the p/c/c/e 
dust, or oxide of copper, that is collected in the cisterns on 
cleaning them, are sent back to the refinery, and remelted. 

In other mills situated on the river about two miles above these 
smelting works, and worked by water wheels, are also two pairs 
of rolls for sheathing copper; a pair of rolls for cold rolled 
sheathing ; a pair of bolt rolls, and two hammers. And at Hafod 
is a nail manufactory for casting mixed metal nails and spikes 
of all descriptions, brasses, for engines,' &c. 

These establishments contain 84 furnaces ; and are lighted 
by gas lights, the operations being continued day and night. 

In these works with the engine, and the shipping dependent on 
them, from 1400 to 1600 tons of coal are consumed weekly, afford- 
ing employment to nearly 1000 people, or support to 3000 in family, 
and producing a revenue to the port of Swansea from 400/. to 600/. 
per annum, causing a circulation in the country of 1000/. a week; 
in fact, we need only look to the rapid rise and prosperous 
situation of the town of Swansea, to see at once the manifold 
advantages of the smelting establishments to the neighbourhood. 
At the period of the establishment of the first copper work on 
the Swansea river, about a century ago, Swansea was a mere 
insignificant village. In 1801 its population amounted to 6099, 
and in 1821 to 10,255, making an increase in the last 20 years 
of4166. 

The trade of the port lias increased to such an extent that the 
number of vessels entering its harbour now amount to 2600 
annually, producii^ a great revenue for the improvement of the 
navigation, and employing a very considerable number of sea- 
men. Reckoning 10 voyages a year to each vessel, the copper 
trade would require constantly upwards of 100 sail, of 100 tons 
eacli. The Swansea market is freciueiited from the country for the 
distance of 16 to 20 miles, such is the demand for agricultural 
jiroduce of all sorts ; and laud in the neighbourhood, owing to the 
w^ealth and prosperity of the town, lets for double its real agricul- 
tural value. The current expenditure of the smelting wofks in 
South Wales cannot be less than 200,000/. and their consumption 
and export of coal upwards of 200,000 chaldrons ; and in 
Cornwall from 50,000 to 60,000 souls are dependent on the 
mines. 


It appears from the statement in the secciid volume of the 
Truiisuctions of the Royal Geological Society of Cornwall, that 
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the produce of the different copper mining districts of tlie king- 
dom, in the 12 months ending in June, 1822, was as follows : 


Cornwall 

Devonshire . *. 

Staffordshire 

Anglesea 

Other parts of North Wales . . . . 

Scotland 

Ireland 


0331 tons. 
637 
38 
738 
66 
11 
738 


11042* 


purchased by the following companies : 


Vivian and Sons 2146 tons. 

Williams, Grenfells, and Co 2103 

Daniell and Co 1639 

Crown Company 1267 

Birmingham Company 1042 

English Company 616 

Fox, Williams, and Co 680 

Freeman and Co 604 

Mines Royal Company ........ 320 

Rose Company 98 


Anglesea Company, smelted .... 738 

11042* 


Article VI. . 

Examination of Mamia, By the Rev. J. J'. Conybeare, MGS. 
(To the Editor of the Annals of Philosophy.) 

MY DEAR SIR, Bath Easton, Jan. 14, 1823. 

It is well known that the substance found in the interior of 
mummies, and thence termed mumia, once obtained 
not only a place, but a high reputation, in the Materia Medica. 
Its use was not entirely exploded so late as the days of Neuman, 
who justly ridicules the folly of such as believed it possessed of 
any virtues beyond those of other and cleaner preparations of a 
resinous and aromatic nature. Neuman too, was, as far as I am 
aware, the last person who subjected it to chemical examination. 


* There is an ciroi in this account; theamount is 11448, instead of 1104?. Eiit. 
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He obtained from four ounces of ibis substance 

Ounce. Drams* Scruple. 

Fixed salt . 0 1 .»•••• 0 

Gummy extract . . *• 0 . . * /. 6 . . w . . . 1 

Resinous ditto 1 3 1 

The remainder (nearly two ounces) he considered as insolublCji. 
and as composed (as 1 gather from a foregoing paragraph) of 
asphaltum and earthy matter. (See Neuman's Chemistry, p. 
652.) Some later authors appear to suppose the mumia to con^ 
sist entirely of asphaltum. (See Thomson's Chemistry, vol. ii.) 
Having obtained a portion of this substance taken from 
the skull of a mummy, and unquestionably genuine, I sub^ 
mitted it to a careful examination, and obtained the following 
results ; 

1. By digestion in water, it affords a small portion of extract- 
ive matter, of a dark reddish-brown colour, which, during evapo- - 
ration by boiling, emits a disagreeable and somewhat urinous 
smell, readily oxidates, and thus becomes only partially soluble. 
The aqueous solution contains also a very minute portion of 
carbonate of soda. 

2. Alcohol digested on the mass, previously acted on by water, 
dissolves a considerable 'oortion. The solution is of a dark- 
brown colour; when mixec with water, it becomes turbid, and of 
a much lighter hue. No precipitate falls, nor does any altera- 
tion take place (except by evaporation) in the emulsion, if it may 
be so termed, thus produced. Evaporated to dryness in a glass 
vessel, the alcoholic solution leaves a residuum of a dark-brown 
colour, readily fusible by heat, semitransparent, of a glossy 
lustre, and powerful odour. This portion, therefore, may be 
considered as consisting of one, or perhaps more, of the gum- 
resins. 

3. The portion which resisted the action of alcohol dissolved 
readily, and almost entirely in sulphuric ether. The solution 
was of a much deeper and blacker-brown than No. 2, and gave 
by evaporation a copious residuum, which, when dried, had all 
the characters of asphaltum. 

4. There remained yet undissolved a very small portion of 
carbonaceous, and, perhaps, earthy matter, in which the lens 
detected some minute fibres not unlike those of decayed vegeta- 
bles. As tlie mixture is evidently mechanical, and as I found by 
even rude experiments of comparison that of its principal ingre- 
dients (the resinous and bituminous), sometimes the one, and 
sometimes the other, was in excess, I have not attempted to 
give their proportions in numbers. 

The mumia examined was taken, as before stated, from the 
interior of a skull. Herodotus informs us, that the so filling the 
skull (previously emptied of the brain) formed a part of that only 
which was deemed the most sumptuous mode of embalming. 



Revi j.J^. Cimyhedrt hn Mumiai 

The specimen, therefore, may be regarded as mumia in its most 
perfect states It appears to differ from that examined by Neu- 
man chiefly (supposing that I am right in considering his resi- 
duum of two ounces as asphakum)/in the small proportion which 
it gives of saline and extractive matter. It is probable that a 
mass taken from any other part of the body might retain the 
salt originally added for the pumose of preservation, and a 
greater proportion of decayed animal or vegetable matter, either 
of which would probably afford an extractive soluble in water. 
The carbonate of soda obtained in the present case could not 
have exceeded the proportion in which Neuman states himself 
to have found an alkaline salt in native asplialtum (seven grains 
in two ounces). Herodotus (it may b^ added), does not describe 
the substance used for filling the scull ; he simply says, they 
injected certain drugs (jpaois^%a)» The compound used for filling 
the body, he states to nave consisted of myrrh, cassia, and 
other aromatics. His editor Wesseling (who yet wrote after the 
publication of Neumanns works), has a note which -insinuates a 
doubt of the accuracy of the historian on the authority of Nar- 
dius, and other early writers, who affirmed that they found 
nothingin the mummies which they examined but masses of bitu- 
men. They were probably deceived by its external appearance, 
and unacquainted with the method of ascertaining its constituent 
parts. It is remarkable that Herodotus does not specify the use 
of bitumen, unless we regard him as including it in the general 
term aromatics (GvoofjLaru), Mumia, though long since discarded 
from the Pharmacopoeia, has, I believe, retained some value as 
a pigment, especially with those artists who are somewhat of 
dilettanti in the choice of their materials. I am not sufficiently 
acquainted with the practical part of oil-painting to say with 
what justice. It may possibly afford a somewhat richer brown 
than the common asphaltum. 


I have during the last week had an opportunity of ascertain- 
ing the indestructibility of common amber. A bead of that sub- 
stance dug from a British tumulus on Mendip, where it must 
have i^mained on a low computation for 1600 years, though 
rifty, and covered externally with a thin crust nearly opaque, 
yet retains in the rest of the mass its peculiar fracture and tran- 
sparency, and when exposed to the action of sulphuric ether, is 
dissolved as readily as specimens recently dug, and more care- 
fully preserved. 


Having obtained through the kindness of a friend (T. Grimes, 
Esq.) a further portion of the bituminous substance found near 
Merthyr Tydvil, to wl^ich I have ventured to give the name of 
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Hatchetine,’**' I am confirmed in my opinion as to its differing 
specifically from every variety of bitumen yet described. As in 
its external aspect, it partially resembles the napthaline obtained 
by Dr, Kidd,*!- I wished to ascertain whether it resembled that 
substance in one of its most striking empirical characters. I. 
made, therefore, a small candle by covering a cotton wick with 
hatchetine, softened by the heat of a warm hand. On lighting 
it, I found that instead of producing the bulky smoke whicE 
issues from a candle of naptnaline, it gave a remarkably clear 
and bright light, and when blown out exhibited no trace of the 
beautiful phenomena described by Dr. K. 

Sulphuric ether dissolves it, as I have before stated, entirely ; 
but somewhat sparingly. ^If thus treated in somewhat larger 
portions than the solvent is capable of taking up, it first sepa« 
rates into small laminae of gieat tenuity and brilliancy, not 
unlike the scales scraped from the bleak for the purpose of 
manufacturing artificial pearls. After a time, these increase in 
bulk, lose their brilliancy, and concrete by uniting with a portion 
of the ether into a light mass, much resembling common opo- 
deldoc. The increase in bulk is very striking, especially in a 
substance already so light as hatchetine ; it must at least be as 
40 to 1, The mixture is now found to contain two distinct 
compounds ; the one a fluid solution of hatchetine in ether; the 
other, a combination of the same substances in a more solid 
form. The addition of water to the ethereal solution separates* 
the hatchetine as a thin greasy pellicle, transparent, and of 
consistency between that of oil and tallow. Neither by this ^ 
process nor by evaporation have I ever found it to reassume its 
flaky or semicrystalline aspect. 

I am, rny dear Sir, very truly yours, 

• J. J. CoNYBEARE. 


Article VII. 

On the Origin of the Accumulations of Bones in the Caves of 
(he Vale of Pickering, in Yorkshire, and other Places. By 
G. Cumberland, Esq". MGS. 

(To the Editor of the Annals of Philosophy.) 

SIR, BrUtoU Dec. 10, 1822. 

Much has been ingeniously written and reviewed on the sub« 
ject of the accumulation of bones of various animals found in 
the caves in the vale of Pickering, in Yorkshire, and the probable 
mode in which they were brought there ; but*the general dispo«<^ 

* See Annals of Philosophy ffst Feb. 1821. 

See Philosophical Transactions for 1821. 
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altion tp believe it to have been the work of the hyaena^ I am free 
to confess does not satisfy me^ since there is a much easier way 
to account for it, foundea on a great event, now, I believe, dis- 
puted by no party of geologists wljatever, and a stroi^ proof of 
which we may acc uire from the limestone caves near Plymouth, 
rfany were wantec. 

Wherever there are limestone rocks, or any usually termed 
secondary, immense irregular cavities arc found, whose forms 
distinctly point out their origin to be from subsidence, and these 
are so numerous in Yorkshire, Derbyshire, and Somersetshire, 
that it is needless to insist on them. Those of the Peak, Pool's 
Hole, and those near Wells, are well known ; but smaller ones 
are, in the neighbourhood of Bristol, continually opened by our 
quarrymen ; and I have witnessed several, now broken up, narti- 
cularly one at Redland, of some hundreds of feet in lengtn, at 
different levels, yet connected by narrow passages with many 
smaller ones ; the whole resembling, when the section was laid 
open, those settlements we often find in ancient castle walls, 
when undermined and sinking to decay. 

These short of cavities are called in the west of England 
swallowiis, from their being the conveyers of land-waters to the 
interior reservoirs in the limestone hills, and usually commence 
with a funnel-shaped cavity on the levels on the tops of the hills, 
and thus the great spring at Chedder is fed, which, in the 
autumn, bursts out from overflowing reservoirs : thus decidedly 
proving that greatand terrible subsidences have occurred at some 
time or other, among these stratified hills, whose interstices 
probably were once nearly horizontal, resting on intervening 
clay, marl, or schistous clay, the material of which was no doubt 
the body that helped to launch them from their original position 
when first sappea by that fluid which once covered the earth, 
and by its lateral and downward pressure produced those effects 
which must have been the cause of a considerable change in the 
position of the rocks, such as is made evident’on the sides of the 
Avon, near Bristol. 

Now, Sir, I apprehend what the quarrymen did at Orest on ^ 
near Plymouth, viz. opening a way into one of these cavities 
by art, nature had done in the vale of Pickering by the action of 
the retfeating waters of the great Noahtic flood, which undoubt- 
edly tnust have torn aw^ay many large fragments of the sides of 
the hills in its passage downwards; and fience the discovery of 
this winding cave, so common in limestone hills. Thus much 
for the facts of the two caves. And it so happens, that in the 
cave, one mile from Plymouth, so effectually examined by 
Mn Joseph Coldle of this place, there were found (and I have 
seen them) teeth of horses in abundance, those of deer, of seve- 
ral species of kinve, many connected with their jaws, several 
specimens of wolves" and hytcnas", a few of tigers", and of other 
animals a great number, some resembling otters' ; they are also 
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of great variety of sizes, and many much worn down, of which 
he will no doubt, by and by, give a particular account to the 
public. Suffice it for our purpose, that these and an immense 
number of bones of horses, many of the legs complete, though 
smalh were all found enclosed in a cavern that might almost 
have been said to have been hermeticallu sealed until tne quarry- 
ers broke into it on cutting down a wall of limestone for masses 
to complete the Breakwater. W e see, therefore, that these could not 
have been brought there by either wolves or hyaenas, as all were 
involved in one common ruin when the hill closed on them at its 
subsidence ; and, like the Yorkshire cave, this had at its bottom 
mud in abundance, by carefully searching into which Mr. Cottle , 
disclosed these interesting remains, after some of the larger 
bones on the surface had been extracted by earlier visitors. 

Among the teeth and bones, many are very well preserved ; 
even many teeth have their enamel perfect, especially those of 
the tiger and the hytena ; and many of the bones are so saturated * 
with the matter of stalactite as to be almost fossil. 

From all these circumstances, it is plain that these animals 
were at some time congregated in this cave for security (for only 
necessity could have brought that about on account of their verj’’ 
different habits), and it seems probable to me, that to this cif- 
cumslance alone we owe these great monuments of the Noahtic 
flood ; for all bones that have not been so preserved must inevi- 
tably have partaken of that friction which we see has even 
rounded the quartz fragments, and left only the debris of tusks 
and teeth, and other deposits, among the alluvial gravels ; and as 
the remains are quite similar in both the caves, 1 think we may 
be allowed to conclude, that both assemblages of animals had once 
been in a similar situation ; that is, totallj/ enclosed bj/ the. salm-- 
dance of the rocks under which they had taken shelter from the rising 
icatcrs at the deluge^ Much stress has been laid on the bones hav- 
ing been gnawed in the Yorkshire cave; but that, I tliink, can 
only prove that some outlived the others ; and, being shut up, 
jnade their last meals on them ; as rats, it is known, will do, 
when long enclosed in a vessel without other food than their 
own species. And as to the dung of liymnas, dogs, or wolves, 
found in the Yorkshire caves, that would naturally liava been 
preserved where bones were not decomposed, being chiefly, if 
not altogether, a phosphate of lime, I believe. With the greatest 
respect for the opinions of the gentlemen who have given us 
their very plausible conjectures on the first cave, I take the 
liberty to request your publication of mine ; for truth must be 
the object of us all. Yours, &c. 

G. CuMBEKLAN I). 

P.S. Animal matter of half an inch in thickness, it is said, 
covered the surface of the mud, which was about two feet deep; 
but none of this has been presei‘ved for exaqiination. 

NewJSeries, vol. v. k 
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Article yill. 

Account of a new Mineral. By Mr. A. Levy, MA. of the Uni- 
versity of Paris. 


(To the Editor of the Annals (f Philosophy.) 


SIR, 


Great JRutielMrecty Bloomebarf/^ Jaiu9.3y 18^3. 


In the select collection of minerals lately Mr. Heuland^s 
small private collection, but now the property of C. H. Turner, 
I found two specimens from the^Seisser Alpe in the Tyrol, 
containing small orilliant transparent crystals, which were 
described as datolite ; but which, from their crystallographical 
characters, ought, I believe, to be separated from that mineral 
species. 

In order that the difference between the two substances may 
be the better shown, I shall first 
describe one of the new varieties 
of datolite which 1 have observed 
in the same collection. This va- 
riety is represented by fig. 2, and 
.indicates for the primitive form a 
, right rhombic prism, the lateral 
planes of which would correspond 
to the faces marked m, and the 
base to the face p. Moreover, in 


Fig. 9. 



order to make the face ' a, the result of a simple decrement oii 
the lateral angles of this prism, it is necessary to determine 
its height by assuming that the face is produced by a decre- 
ment by one row on the obtuse angle of* the base. If the 
height were to be determined by any other condition, it would 

make the faces the result of an intermediary decrement. The 
dimensions of the right rhombic prism being thus determined, 
not onjy the modifications of the crystal represented in fig. 2, 
but all that 1 have observed, result from very simple decrements 
on its different parts ; there can be no objection, therefore, to 
consider it as tae primitive form. Now I find, by the reflective 
goniometer, that the incidence of 


P on w is 90® O' 

mourn. 103 25 

a' on p 147 46 


The first of these incidences was to be expected from the 
law of symmetry : it results from the other two, that the primi- 
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iire form of datolite may be consi- 
dered as a right rhombic prism, 
fig. 1, of 103^25', in whicri one 
side of the base is to the Height, 
in the ratio of sec. 51® 42' 3Qr to 
tang. 32® 14', or, nearly, as 13 to ^ 

15. Haiiy, in the new edition of 
his Traite de Min^ralogie, has 
preserved the determination he had previously given of the pri- 
mitive form of datolite. It is, according to him, a right rhombic 
prism of 109® 28', in which the length of one side of the base is 

to the height in the ratio of 3 to 10. This determination 
differs from the preccdingty 6® 3' in the incidence of the lateral 
planes. It is not likely, therefore, he had measured the same 
angle as I have. I suppose that the lateral planes of his 
primitive form are those of some modification of tne one 1 have ' 
adopted, composed of two pairs of parallel planes, and must 
consequently be the result of some decrement eitlier on the 
angles of the base, or on the lateral edges. This modification, 
two planes of which should be inclined at an angle of 
109® 28', I have never observed, nor does any simple law of 
decrement give any thing very near it. 

Prof. Mmis in nis Natural Historical System of Mineralogy, 
has called the crystallization of this mineral hemi-prismatic, knd 
as this denomination is applied only to those substances, the 
crystalline forms of which may be conceived to be derived from 
an oblique rhombic prism, it might be inferred that he does 
not consider the primitive form of datolite to be a right rhom- 
bic prism. But it appears to me that this inference would be 
in contradiction >vith the incidences he has given for the faces 
of the octohedron he takes for the ground form of this sub- 
stance, since they are calculated in the hy 30thesis the result of 
a decrement by one row on the edges of tie base of the primi- 
tive form adopted by Hauy. However, there can be no doubt, 

1 presume, from what I have stated, that the forms of datolite 
can be derived from a right rhombic prism. 

I shall now describe the crystals from the Tyrol which 1 have 
already mentioned. The greater 
number of them have the form Fig. 4. 

represented by fig. 4, which is 
obviously a rhombic prism, the 
edges and angles of the base 
of which are not similarly mo- 
dified. Consistently with the law 
of symmetry, this form cannot 
be derived, like those of dato- 
lite, from a right rhombic prism, 
but only from an oblique one ; 
wd, th^efore, according to the 



Fig. 1. 
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principles of classification generally adopted^ theses crystals 
shoulc form a distinct minersu species. 

The face marked p in fig. 4,. is always very small ; and in the 
SH^stals I have measured^ it is entirely obliterated^ The angles 
i^nich I could measure with the greatest accuracy^ were the 

incidences of m on wi, that of rf* on w, and that of e' on the simi- 
lar face below. I could, besides, deduce from my measurements^ 
that, supposing the faces w, m, to correspond to tlie lateral 
faces bi the primitive, the plane p to the base , of it, and 
e' to be the result of a decrement by one row on the angles 

^ of the base, then ^ might be considered as produced by a 
decrement by two rows in height on .the edges a. These were 
the data from which I had to determine the dimensions of the 
primitive form, as the other incidences that I measured could 
. not be relied upon. For this purpose I made use of the follow- 
ing formulsR relative to an oblique rhombic prism ; tlie investiga- 
tion of which presents no difficulty. 

h sin. <», w) . si«. (£?«■, /«) 

OC SE , 

sin. (m, m) . sin. p) 

A sin. (p, wt) 

^ sin. 4 (m, m) . tang, (cv, p) 

h is the length of the lateral edge, one side of the base being 
supposed to be equal to one, and (m, m), (p, ni), (</*, w), (c^p), 
denote, respectively, the incidences of m on of p on m, of a 
lace produced by x rows in breadth on the edge d of the base 
on m, and of a face produced bv y rows in breadth on the angle 
c of the base on p*. To apply these formulae to the present case, 
it is sufficient to observe, mat here x = i- and y = 1 . 

^ Substituting these values in the two preceding formulae, and 
dividing the one by the other, there will arise 

tang, (eb p), sin. (d*, m), = cos. -J- (m, m), sin. p). 

The only unknown quantity in this equation is the angle 

P\ as the others are precisely those which I could measure 
with accuracy. The angle (e‘,p), is not the immediate result of 
observation, but is evidently the supplement of half the incidence 

of on the similar face below it. The angle (d*, p), will, 
therefore, be easily calculated, and by subtracting 180° from the 

sum of the two angles (d^, p), (rf*, m), the value of the angle 
{Pjl obtained. This last angle being known, the first 

^ I Uiink that this notation, which consists in denoting the incidence of two faces, by 
l^liifdSg dieir crystallogi;aphical signs, separated by a comma, between two brackets, if 
used, would considerably abridge the language of ciystallography. 1 b^eve 
It will luso be found very convenient to write, as 1 have done in %8. 2 and 4, on each 
face of the dzawhig of a crystal, its crystallographical sign. It is certainly preferable to 
the method used by Hauy apd the Count de Boumon ; in which each new modification 
ic designated by a new sign which has no reference to tlto decrement that produces it. 
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formula will give the value of h, and thus the dimensions of the 

E rimitive form will be completely determined^ There will then. 

e no difficulty in calculating from the measured incidences of 
the other faces» either on mf or some r)ther known plane^ the 
indices of the decrements from 
which they are derived. Thus I Fig. 3. 

find that the primitive form may 
be supposed to be an oblicjue 
rhombic prism, fig. 3, in which 
the incidence of rn on w^is 1 15° 45', 
that of m on p 25', and one 
side of the base is to the lateral 
edge nearly in the ratio (^f 15 to 
16. The letters placed on the 
faces of the crystal, represented 
in fig. 4, indicate respectively the 
decrements which produce them, 
and their incidences on p and m are 
as follows : 



Incidence of h} on p . 

c' on p . 
er on p , 
O' on p 

7 * 

a on m 
on m 

h' on m 
b - on 7n 


91' 

41' 

30 

128 

45 

0 

148 

19 

0 

138 

3 

0 

157 

6 

30 

138 

55 

10 

127 

6 

30 

1V9 

13 

0 


I w'as unable^ to measure the faces marked i in the drawing t 
they result from’ an intermediary decrement. The intersections 
of these faces with the two faces m and o' appear to be paralleL 
Therefore, by supposing the face the result of a decrement by 
one row instead of two, the faces i would be produced by simple 
decrements on the lateral angles o of the prism. In this hypo- 
thesis, the ratio of h to d would be half what I have taken it, 
and the indices of all the modifications observed, except 
that of 4' should also be divided by 2. The oblique* rhom- 
bic prism, the dimensions of which have just been stated,* does 
not possess the property which, according to Haiiy, belongs to 
all primitive forms of this kind, and which consists in their hav- 
ing such dimensions that the diagonal joining the solid angle o, 
fig. 3, with its opposite, is perpendicular to the edge A. But ia 
the present case, the incidence of p on m being nearly 90°, it is 
very obvious that if the ratio between A and one side of the base 
of the prism were determined by such a condition, it would be 
considerably less than I have made it ; and consequently that 
even on the supposition that the observed modifications could be 
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derived from a prism with such dimensions, there can be no 
doubt but that the indices of their decrements would be very 
complicated, when compared udth those resulting from the ratio 
of the edge h to the edge rf, which I have assumed. Thus, 
although the alleged property, of oblique rhombic prisms may 
really exist in the primitive forms of some substances, yet this 
example proves that it is not of universal occurrence. 

1 am sorry that I cannot add to the determination of the primi- 
tive form of this substance, a satisfactory account of its physical 
and chemical characters, but the quantity of it which I could 
procure was so small, that no very decisive experiments upon it 
could be made. Dr. Wollaston, however, to v.’hom I never 
applied in vain for assistance, was so kind as to examine a very 
minute quantity of it; and he found it to contain the same prin- 
ciples as datolite. It still remains to determine in what propor- 
. tion these are combined, if in the same as in datolite, or as in 
botryolite, or whether it differs from both in this respect. 

The mineral is suflie-iently hard to scratch Hiior spar, but it 
will not scratch glass. 1 found an indication of cleavage, parallel 
to a plane passing through the small diagonals of the bases oi’ 
the primitive prism. In one of the two specimens in which I 
have observed it, it is mixed with carbonate of lime ; and in the 
other, with the same substance, and with small Hat crystals of 
apopliyllite. 

Should it be found necessary to designate this substance by a 
new' appellation, when an exact and complete chemical analysis 
of it shall Imve been made, I would propose to call it Huinbold- 
itc, from that eminent philosopher to whom natural science is 
so much indebted ; and I hope that he would see, in the liberty 
I had taken of associating his name with this new mineral, no 
other motive, thou rny desire to evince the respect and gratitude 
1 have for him.* 

I am, SJir, yours, &c- 

A. Li-vv. 

, • It may be useful to remark, that tlie name of Humboldt is already recorded in mine- 
ralogical noincr.clature ; for the protoxalate of iron found by IH. Breithaupt in friable 
lignite aWKolowserux, in Bohemia, has been dencminated lluftihoJdiine by its analyst, 
>1. dc Rivero. — (Jr cc Ann. dc Chim. xviii. 907, or Journal of Science, Ac. xH. — 
Mdit, ' 
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Article IX. 

• • 

Memoir illustrative of a general Geological Map tf the principal 

Mountain Chains of Europe. By the Rev. W. D. Convbeare, 
FRS.&c. 

{Coufinucd from p. 16.) 

[Some copies of the map having been, in the haste of publica- 
tion, incorrectly coloured, the reader is requested to compare the 
colours with the dotted outlines. Where they do not coincide, 
the former are erroneous ; the errors are generally of a nature 
which will admit a ready •correction by these means. It will be 
seen that some parts of the present article are taken from a 
former publication by the same author.] 

Carbonij'erous Series^ 

The carboniferous series, considered in the largest acceptation 
of the term, comprises, besides the coal measures properly so 
called, certain other formations of limestone and sandstone, so 
associated with tlicm, that the attempt to separate them would 
materially interfere with the clearness of a natural division. 

1. The coal measures, properly so called, consist of numerous 
alternations of seams of coal \vith beds of slate clay and sand- 
stone. 

1?, These repose on an alternating system of shale and grit, in 
v/hich the peculiar limestone characterising the coal districts 
makes its first appearance in any considerable quantity. The 
coal seams here become few and unimportant. 

3. A system succeeds characterised by the predominance of 
the limestone called, from its relation to the coal fields, carboni- 
ferous. The coal seams in this system are reduced to slight 
traces which have never yet been worked. 

4. A vast deposit of quartzose conglomerate and sandstone, 
commonly called old red sandstone, forms the lowest formation 
in this great natural order. No coal has yet been observed in 
or below this formation.’*' 

5. Trap rocks of various kinds (basalt, greenstone, pOrphyry, 
and amygdaloid) occur associated with the preceding fornrations 
in various modes of combination, as dykes, irregularly interposed 
or overlying masses, and sometimes as alternating beds. The 
phenomena are such as often to render it doubtful whether they 
are of cotemporaueous origin with the rocks among which they 

• The case of Portishead Point cited by Mr. Weaver as affording an example of this 
position is erroneous ; the coal is there associated with the re|pilar sandstone of the coa 
measures, and reposes very distinctly on the great carbonitcrous limestone. Mr. W 
who had not visited the place himself, was misled by an iiicomct report. 1 .hay 
i^epeatedly examined the spot in company both with Prof. 8oclgcwick and Prof. Buck 
land. 
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occur ; and in the opinion of many gedlogists favour the hypo- 
thesis of their ignigenous formation. 

All these formations are shown in their constant and regular 
order of succession in the greater part of the English and Irish 
coal fields ; and the only Scotch coal field of which we have 
any distinct account (that of Clackmannan), entirely harmonises. 
The structure of the carboniferous districts of the Netherlands, 
and (if we may judge from Beudant’s description), of Hungary 
also, is exactly parallel. In some instances, however, the third 
and fourth systems being deficient, the coal measures repose 
immediately on the transition limestones, slates, &c. (as in Cole- 
broke Dale, and Dudley, in England ; in the Hartz, and many 
places on the Continent. 

The order of superposition, however, is never inverted, nor 
in there one single instance on record in which any workable seam 
of coal has been found below the third or fourth system above 
Enumerated, unless we consider the anthracite sometimes asso- 
ciated with transition slates, and which may be readily distin- 
guished from tlic true coal formation, as an exception. 

The limestones of the third series, and the conglomerates and 
sandstones of the fourth, are generally referred by continental 
geologists to the transition class. (See V'on Raumer on the 
Slate Mountains of the Netherlands, &c. Daubuisson, Geologic; 
Bcudant, llougrie ; Humboldt, &c.). The representations of 
every one of the above writers render it absolutely impossible 
to confound the rothetodteliegende of Germany with the conglo- 
merates of the fourth system* above described. 

I have, in another work, assigned my reasons at length for 
constituting a separate order to mclude the whole of these four 
systems rather than refening any part of them to the transition 
class with which, however, they are very nearly allied. 

The geologists of the Continent very commonly consider the 
rothetodteliegende (a formation immediately overlying the coal 
measures), as forming part of this series. 

I prefer the view entertained by Prof. Buckland, who has, in 
repeated journeys in the north of Germany, minutely examined the 
relations of the rotheliegende with reference to this question, and 
who coiviiders it as the lowest member of the great sandstone series 
forming the next natural group above the carboniferous series. 
Though conscious how little weight my own evidence will add to 
this high authority, I may briefly state that my ownpersonalexami- 
natioii of the Thuringerwald led me to the same conclusion. I 
have only at present to r^eat my assertion, that Lehman, Freis- 
leben,* Von Buch, Von llaumer, Karsten, Keferstein, Daubuis- 

* Although I purpotely avoid entering into detaila at present, I shaU sulijoin one 
extract from Freirieb^ which is entirdy dechuve# He observes that some g^ogists 
arc inelitied to conuder the coal rocks and the roUi^iegende as subordinate members of 
one great ibrmadoR ; but oipposes his own view of the sulijeot to dieira, stating that he 
considers them als swey einai^der zwar ganz nahe stehende, aber d<»t 90 ch von einauder 
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son, and Humboldt^ all concur in assigning to the great mass of 
the rothetodteliegende a position above the coal measures. As 
that assertion has been questioned, I shall shortty support it by 
detailed quotations in their own words*; and I have only to 
regret a controversy which renders inevitable a method of proof 
that must necessarily occupy so many pages usually devoted to 
much more interesting and valuable matter. 

1 have thought it necessary thus far to explain the principles 
on which I proceed in separating the consideration of the rothe- 
todteliegende from the description of the continental coal 
districts. 

A rock placed exactly iq the situation of the rotheliegende 
(that is, between the coal measures and magnesian lime], 
is specified in Smith’s map of Yorkshire, under the name of the 
l^ontefract rock. He classes it w ith the coal measures ; but the 
course he assigns to it is unconformable to these, and conforma- 
ble to the superjacent magnesian limestone. This rock ought to 
be carefully examined and described. 

It should be observed that as the rocks overlying the coal 
measures cover them unconformably throughout England, 
instead of succeeding in a regular and conformable series, we 
liave no evidence that the highest beds of the coal formation are 

:.u h'cuncnde formatloncn^''' as two very nearly allied formations, but nevertheless 
t\ net from each other ; and, conformably with this view, he carefully dhihignishes cer- 
tain coal scauis which, according to him, actually are subordinate to the rotheliegende 
from the true coal formation, 3Iy observations,” he states, lead to the conclusion, 
that a part of the beds hitherto rtferred to the coal Jbr mat ion {properly so called) ought 
to he separated from that format io/t., and regarded as subordinate to the rotheliegende. 

hJin thcil dcr bisher zu den eigcntlichcn Steinkohlcn gchb'gcu gcrcchnetcn Steinkohletr, 
fiossr von solchcn nbznsoitdcrn^ and dem rothliegenden nntcrznqr^nen isU’*'* Mr. W’^ea- 
ver has suffered himself^ to bei misled by neglecting to advert to the circumstance, that 
the passages he has quoted from Freisleben, as proving that the coal formation 
is included in tlie rotheliegende, have no kind of reference to the cigentlichen Stein- 

kohlengebirgen,” the proper coal formation^ hut are confined to that part of the series 
thus carefully separated from it by that author on account of tliis very position. The 
v ausc that seems to have led to this misconception is, that tlie two formations being con- 
terminous, the true coal formation, and these subordinate beds, often occur nearly in the 
same localities. A careful collation of the map accompanying Freisleben’s work with 
his text removes in the most convincing manner this source of confusion. 

Tlie plan of Freisleben’s work does not extend to the coal formation properly sq called. 

I should add that the passages above cited from Freisleben are not incidental notices t 
but form the express declaration of his opinion on this point deliberately pronounced in 
the section dedicated to the consideration of the relations to which they refer. 

1 refer to the account of the environs of Glatz by Von Buch for his testimony in diia 
controversy. Dr. Anderson’s notes in this translation of that work will convince Mr. 
>Veaver that I am not singular (as he appears to suppose) in my interpretation of F^s- 
leben^g sentiments, but have the authority of those b^t versed in die geological writings 
of Germany. 

Freisleben cites from an author (Kaisten) who classes die coal and rotheliegende toge- 
ther as subordinate members of one great sandstone formation, the following enumera- 
tion of the several beds Included by him in that ftwmation, takei^ in an ascending order. 

CottgloxikeniCeofandent rocks. 9. SiHeeous conglomerate. S to 8. Coal sandstmie 
and shale. 9. Ttap rocks. 10. Clay ironstone. 11. Rotheliegende. 12« Weiaa- 
liegende. Now if we look among these rocks for the representative of our otm idd 
red sandstone, it must be sought in Numbers 1 and 3, notf m Number 1 1. 
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in any part of the island displayed, inasmuch as all the beds of 
tiiat lormation come indifferently into contact with the super- 
strata. It is possible that were those highest beds visible, they 
might be found to exhibit a gradual transition (as is the case in 
so many other instances) into the characters of the next sandstone 
aeries. If we are to refer the rotheliegende to the coal forma- 
tion in any manner, it can only be in considering it as thus iiitei- 
mediate in place and character between the regular coal mea- 
sures and the sandstones of the next vera. To identify it in anif 
way with the lowest beds of the whole system is to invert every Jonn^- 
datiou oj' geological arrangement^ and to unsettle all those jninci- 
pies to which the science owes its present j^recisitni, 

Distribotion or the Carbon ifkrous Seuiks. 

(A.) Coasts of the lialtic. 

Following the same course which was pursued in indicating 
the distribution of the ancient chains, we may first trace the 
coal formation, where it appears to rest against the most north- 
erly of these chains, tliat of Scandinavia. 

In this line, we find coal in the islan<l of Bornholm, and again 
in Sweden on the south of the primitive tract near Ilelsingborg, 
at the mouth of the Baltic. 

(B.) Scotland. 

If we regard the Grampian mountains as a prolongation oi tlie 
Scandinavian chains, the great coal district of Scotland must also 
be considered as similarly related to those above-mentioiu'd. 
It occupies the tract forming what may be called the great 
central valley of Scotland (speaking relatively, for considered in 
itself its surface^js very considerably varied), which lies between 
the great transitioh chain on the south, and the still loftier primi- 
tive ranges of the highlands on the north. The whole of tliis 
wide tract is occupied by the coal measures, the carboniferous 
limestone, and the old red sandstone, associated in every possi- 
ble manner with vast accumulations of every variety of trap. 

In the low district on the east of Sutherland, where the 
secondary formations again intrude among the primitive high- 
land chains, coal has been discovered at Brora ; but from the 
slight description incidentally given of this tract in the memoir 
of Mr. Bald (vol. iii. Trans. Wern. Soc.), before referred to, it 
may be conjectured that this does not belong to the principal 
coal formation, but to those beds which occasionally occur in 
more recent formations, being, perhaps, of the same «ra with 
the coal of the Cleaveland district in Yorkshire. 

In Dumfrieshire, near the southern or transition chain of 
Scotland, we find many limited coal-fields reposing against, or 
forming narrow basins in, the valleys of the latter chain ; these 
are associated with, and rest upon as usual^ thick beds of the 
cai'boniferous limestone. 
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Trap rocks (rjorphyry, gpeenstone^ basalt, &c.) occur exten- 
sivelyassociatec with and overlying the coal districts of Scotland. 

We shall next proceed to Ireland, postponing the enumeration 
for the present of the English coal districts ; because the former 
country is more immediately connected in its geological relations 
with Scotland. 

As we have already traced the primitive and transition chains 
from the south-west of Scotland to the north-east of Ireland, 
the formations of the great central valley of Scotland here like- 
wise intervene, and among them the coal measures, which may 
be seen emerging from beneath the overlying basalt at Fairhead 
on the north-east, and again just beyond the south-west of the 
basaltic urea at Coal Island and Duncaiinon ; but other parts of 
Ireland present far more important coal districts. Indeed tha 
island may generally be described (with the exception of the 
north-east basaltic area) as being almost surrounded with a series 
of primitive and transitioji groups, including a great central area 
entirely occupied by the old red sandstone, carboniferous lime,. 
and coal measures. The structure of these districts very closely 
corresponds with the tracts of the same formation in England. 

The coal district already mentioned is termed by Mr, Griffiths 
the Ulster coal district. There are three other principal coal, 
lields. 

2. The Connaught coal district occupies an extensive tract, in 
the centre of which Lough Allen is placed, 

3. The Leinster coal district is situated in the counties of 
Kilkenny, Queen’s county, and county of Carlow. It also 
extends a short distance into the county of Tipjperary, as far as 
Killenaule. Thi?5 is the principal carbonaceous coal district. 
It is divided into three detached parts, separated 1‘rom each 
other by the carboniferous limestone, which not only enve- 
lopes, but ill continuation passes under, the whole of the coal 
district. 

4. The Munster coal district occupies a considerable portion 
of the counties of Limerick and Kerry, and a large part of the 
county of Cork. It is by much the most extensive in Ireland ; 
but as yet there is not sufficient information respecting the num- 
ber, e.xtent, or thickness, of the beds of coal it ihaay contain. 

(D.) England. 

The coal fields of England will, from geographical position, 
naturally fall under the following arrangement: 1. The ffreat 
northern district, including all the coal fields north of Trent. 
2. The central district, including Leicester, Warwick, Stafford,^ 
and Shropshire. 3. The Western district, which may be sobdi-^ 
vided into North-western, including North Wales, and the South-- 
western, including South Wales, Gloucester, and Soniersetshiiie. 
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Physieal <»rcumstances also confirtir ihis geographical arrange- 
ment. 

1. The Northern District • — A chain of hills, denominated in 
the time of the Romah colohisti^ of Britain the Penine Alps, 
forms a continoous ridge (locally, 1 believe, called the back lope 
of England), through me northern counties, from Northumber- 
land to Derbyshire. At its northern and southern extremities 
(that is to say, in Northumberland, and the West Riding of 
Yorkshire, and in Derbyshire), this chain exhibits the carboni- 
ferous limestone (No. 3 of the carboniferous series). All other 
parts of it are composed of the shale and grit (No. 2); round the 
sides of this chain the regular coal measures (No. 1) are disposed 
so as to constitute several distinct fields. 

These may be enumerated in the following order : (a) The 
great coal field of Northumberland and Durham, (b) Some 
small detached coal fields in the north of Yorkshire, (c) The 

S eat coal field of South Yorkshire, Nottingham, and Derby. 

n the south, we find only (rf) some successful trials for coal in 
the neighbourhood of Ashborne, which have, however, never 
been further prosecuted. On the west {e) the coal field of North 
Stafford. ( /*) The great Manchester, or South Lancashire coal 
field, (g) The North Lancashire coal field. (A) The White- 
haven coal field ; between this and the preceding coal field, the 
transition mountains of Cumberland rise on the western side of 
the Penine chain, but a zone of carboniferous limestone is 
detached from the Penine- chain, and mantles round this group. 
On the north-west of this zone, the last mentioned coal field 
reposes. (?) The indications of coal at the foot of the western 
escarpment of Cross Fell. 

2. The Central Coal Districts include four detached fields 
emerging from beneath the great plain of new red sandstone 
covering our midland counties. 

a* Ashby de la Zouch. b. Warwickshire, between Atherston 
and Nuneaton. c. South Stafford, round Dudley : the coal 
measures here repose on the transition limestone, N^os. 2, 3, 4, 
being here deficient, d. Indications of coal near the foot of the 
Tickey Hill ; also in contact with transition limestone. 

3. Western Districts^ subdivided into 

a. ^North Western, including, 1. A trough of coal measures 
reposing on carboniferous limestone traversing the town of 
Anglesea. 2. A coal field resting on the same rock in Flint- 
shire ; the carboniferous limestone range continuously on the 
north of the transition mountains of North Wales* 

6. Middle Western, or Shropshire* — This includes several 
detached fields. 1. In the plain of Shrewsbury. 2. In Coal-« 
brook dale (this reposes on transition limestone). 3. On the 
summits of the Olee Hills, and in South Shropshire. 4. Near 
the Abberley Hilk (resting on transition Umestone). 

c. South lYer^em.-r-iThis includes three principal basins ocen* 
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pied by the coal m^aaures^ and surrounded by zones of 'carboni- 
ferous limestone^ the whole reposing on one vast tract of bid red 
sandstone. Of these basins, the largest Is situated in South 
Wales, and occupies the greater partofGiamorganshirO/extending 
into Monmouthshire on the east, and Caermarthen and Pem- 
brokeshire on the west. The next in importance occupies, the 
south of Gloucester, and the north of Somersetshire. It is parti- 
cularly interesting to the geologist, because the more recent 
formations sweep over a part of it; and their relations with the 
coal series may here be ascertained by actual sections. Coal 
shafts being sunk even from the lower oolite through the lias and 
new red sandstone into the coal measures. The third basin in 
point of extent is intermediate in position.between the -other two 
occupying the forest of Dean, between the Severn and the Wye. 

Trap rocks (principally basalt, greenstone, and amygdaloid}, 
are associated with and overlie many of these districts, especially 
those of Northumberland, Staffordshire, and Shropshire* 

(E.) France. 

As we have already traced coal fields in the north of Europe, 
apparently connected with the central system of Scotland, so we 
might naturally look for the resumption of those of the south- 
western English counties in the opposite regions of France. It 
is true, indeed, that in the south of Somerset and through 
Devonshire, no coal has been observed ; being probably con- 
cealed by the advance of the overlying deposits of new reel sarid- 
stonc which are there in close contact with the transition chains. 
These transition chains cross, as is well known, from Devon to 
the peninsula of the Cotentin in Brittany ; and we find, as might 
be expected, a small coal field reposing against their eastern side 
at Litry on the sbutli-west of Bayeux ; further south, where the 
Loire enters between the continuation of these chains, between 
Angers and Nantes, are more extensive deposits of this formation. 

In the centre and south of France, there are some limited coat 
deposits lying in the valleys of the Loire, the Allier, the Creuse, 
and the Dordogne, the Aveyron and the* Ardeche between 
ridges proceeding from the primitive central grour) connected 
with the Cevennes, and also on the south-east Setween the 
Cevennes and the Rhone. 

Several particulars concerning some of these^'districts may be 
found in the account of the geological speculations of Mr. Rouelle 
in the first volume of the Geographic Physique, forming part of 
the great Encyclopedie Methodique ; the Annales des Mines 
for 1821 contains some information concerning of those near St- 
Etienne, department of the Loire, and a full account of those 
of the Aveyron. ^ 

From the south of France we mnx proceed to Spain, which 
could not so conveniently be included in any other part of our 
survey. Coal is here mentioned as occurrkig in eight places in 
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-Qat^oiua, ia three in-Arn^n^ and one in New Castile ; bdt no 
pcuitculars are giv^ : a list of ^ese localitiea may be found in 
Laborde’s view of that country. 

(F.) Northern France,'’ the Netherlands, and a^acent Parts 

Germany » 

A great carboniferous tnu^ occupies these countries. 

It may generally be described as extending westwards from 
Hardti^nen near Boulogne (only a few miles from the coast of 
the channel) by Valencienn^, and thence up the Scheldt and 
down the Meuse to Xlschweiler beyond Aix la Chapelle ; ' and 
still further west, many of the coal districts of Northern Ger- 
many may witii great probability be considered as a prolongation 
of it. 

On the east and north, the great deposits of chalk and the 
strata above the chalk, skirt and partially (particularly within 
the limits of France) overlie this tract. On the south, it is 
bounded by the transition ridges (of slate, greywacke, &c.) 
which occupy the forest of Ardennes, overhang the magnificent 
defile of the nhine from Bingen to Bonn, and thence extend to 
the Westerwald. This tract does not consist of a single conti- 
nuous coal field, but of many insulated and basin-shaped deposits 
of this formation, encircled by carboniferous limestone and old 
red sandstone. In many respects it bears, even down to the 
character of its picturesque scenery, a remarkable analogy to the 
coat districts (likewise consisting of many insulated basins) in 
the south-west of England. 

We find the most westerly point of this extended chain of 
coal fields at Hardinghen, in the great denudation exposing the 
beds beneath the chalk, which comprises the Boulonnais on the 
French side of the channel, and the Weald of Kent and Sussex 
on the English ; of this we have before given a general descrip- 
tion. These coal mines, and the quarries 'of the carboniferous 
limestone associated with them, which appear at Marquise, are 
situated at the very foot of the escarpment of the environing 
zone of chalk hills ; for the outcrop of all the intermediate form- 
ations crosses this part of the denudation to the south, and, as it 
were, vrithdraws to expose the coal ; proceeding westwards, the 
coaljis worked at several places within the general limits of the 
ovi. ' chalk-formation. The environs of Aniche near Douay, 
and ofMonchy le preux near Arras, present deposits of this 
nature ; the mines surrounding Valenciennes are still more 
extenrive. 

In the environs of Mons, Charleroy, and Namur, in a tract, 
surrounding liege ; and lastly close to Eschweiler on the east of 
Aix la Chapelle, other very comiderable coal fields are worked. 

A general account of this line of coal formation may be found 
in Omalius d'Halloy Geologie du Nord de la France, Journal des 
Mines, and in Von^Raumer's Geognostich Yersnche; many 
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iatereating details are aUo given in ViUefoase sur la tichesse 
minerale (tom. ii. p. 432 &. seq.) and illnstrated in the magnU 
ficent atlas of that work by sections exhibiting the contortions, 
Slc. of the beds, and the mode of working wem, from PI. 25 
to 27. 

Proceeding still further along the northern border of the same 
transition chain, agmnst which ail these dC;>osits of coal repose, 
we find the more recent formations (prooably of the tertiary 
class) intruding upon it, and concealing the coal till we cross 
the Rhine near Bonn. On the right bank of that river, these 
again recede to the north, and in this direction we again find an 
extensive coal field proceeding along the small river Ruhr a little 
above its junction with the Rjine : on the south the beds of this 
coal field describe the segm*ent of a circle, cropping out against 
alternations of limestone, shale, and what is called gr^waclm 
(our old red sandstone probably), which separate them from the 
regular transition slate : on the north they are bounded by the 
overfying and more recent deposits. An account and plans of 
this district may be found in Villefosse, tom. ii. p. 424, and 
PI. 24. 

A little on the south of the same district of transition rocks, 
whose northern border we have been hitherto pursuing, limited 
coal fields occur in the country between the Moselle and Rhine ; 
first, between Sarrebruck and Sarre Louis on the river Sarre, 
and, secondly, near Waldmobr on the banks of the QIane, 
extending to its confluence with the Nahe : the beds of the for- 
mer coal field are described as ranging south-west and north- 
east, and dipping north-west ; they are covered with red sand- 
stone, and also surrounded by the same formation on the points 
to which they rise, appearing, therefore, to repose upon it ; but 
these appearances, are very vaguely described ; ** sur ces gr^ 
rouges semblent quelquefois s’appuyer les conches de houille % " 
they are probably deceptive. A careful examination of the 
country between this coal field and the northern transition chain 
is necessary to ascertain its true relations. Villefosse, tom. ii. 
p. 447, and PI. 27, may be consulted on this district. 

Keferstein has given a brief but very clear description of tbi> 
porphyry and coal district, extending on the south of the «late 
mountains between the Rhine and the Moselle by Zweybruck 
and Sarrebruck (Teutschland, &c. p. 81, No. 1). 

He describes die coal measures, exhibiting die ordinary mem- 
bers and characters of this formation as extending between Sar- 
rebruck and Neukirch ; th^ contain some alternating beds of 
carboniferous limestone. The stratification is extremely con- 
torted and dislocated ; masses of unstratified trap rocks (com- 
prising porphyry wacke, amygdaloid, greenstonej^and basalt), are 
interposed among the coal measures. Agates abound in thp 
amygdaloid. 
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, Qaioksilv^r occurs bpth in the pprphyritio coaglomerate^ and 
in the cond; sandstone* : ^ 

The red saudstoyie (by thi% torm, Keferatein always denotes 
the rothetqdteheg^ndeas distinguished from the bunte sandstein)^ 
lies in several places on these formations.^^ 

(G.) Coal near the Vosges^ 

Coal occurs on the west side of the Vosges, but I am not 
acqumnted with any particular description of this tract. 

(H.) Coal of the Alps. 

Traces of the coal formation are rare in this mountain range ; 
but such have been observed in some parts of it. 

M. de la Beche thus notices one remarkable instance of this 
kind : 

The Col de Balme, which closes the valley of Chamouiiy to 
the north-east, and separates Savoy from Switzerland, has ^lorig 
been known for the superb view which it commands of the valley 
of Chamouny, with the Mont Blanc range in one direction, and 
the mountains of the Valais on the other. The iron cross on the 
highest part of the Col, or passage, is, according to M. de Saus- 
sure, 7086 French feet (7658-,^ English feet) above the level of 
the sea. The Col is composed of beds of clayslate, of limestone, 
and of a few thin, beds of sandstone. The rocks of the Col do 
Balme have been called primitive by M. Ebel, in his Bau dei 
Erde en dem Alpen-Gebirge, but were with more justice named 
secondaiy by M. de Saussui’e. The beds which compose them 
seem to be a continuation of limestones, which are remarked in 
patches in the valley of Chamouny, and which probably once 
occuoied the whole length of the valley. 

** "9V^hile crossing tlie Col de Balme, in the autumn of 1819, J 
picked up two portions of the thin beds of sandstone above- 
mentioned, which I found to contain vegetable impressions pre- 
cisely similar to what have been termed coal pld.nts, because 
they are usually found in coal formations. But 1 tried in vain to 
find these fossil plants hi sititf many parts of the Col being too 
precipitous to allow of my approaching them.” 

From further conversation on the subject with M. de la Beche, 
1 am persuaded that this spot presents a trough of nearly vertical 
beds belonging to the true coal formation squeezed in, as it were, 
between the primitive ridges. 

Keferstein notices traces of coal associated with porphyry on 
tiie south side of the Alps near Botso. Humboldt also notices 
these coal denosits : they are on the banks of the Adige between 
Sais and St. !?eter. 

(I.) Coal of Osnabruck. 

Pursuing the line of Northern Germany, ,a tract containing 
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coal appears to range many miles on the south-west and south 
of Hanover between Osnabruck and Hildesheim^ but we cannot 
refer to any description of it ; it may probably form the prolong- 
ation of the northern line of cdal fields which we lately traced as 
far as the Ruhr. 

(K.) Coal and Porphyry Formations surrounding the Uariz^* 

These associated formations succeed to the slate mountains of 
the Hartz, near the east end of which they present themselves in 
three points : 

1. The Opperode district. 

2. The Ileneld district. 

3. The Petersbirge district. 

Both the first lie immediately on the slate^ and form a portion 
of the Hartz chains. The third forms an insulated district in 
the Saale kreisse. The coal formation presents the ordinary 
alternations of bituminous shale and coal sandstone^ of the usual 
varieties, and some calcareous beds with marine fossils. Three 
beds of coal are sometimes found ; the principal variety is slate 
coal. 

1. Near Opperode (on the north-east of the Hartz), the coal 
lies under y and in part^- also in the red sandstone ; no porphyry 
is found in this tract. 

2. But in the Ilefield district J (on the south-east of the Hartz), • 
porphyry prevails near Neustadt. The more ancient members of 
tiiis formation pass immediately into the greywacke through 
modifications approaching to hornstone rocks. The younger 
7)tcmbcrs are mixed with more clay, become sandy and conglome- 
rated, and thus /;//o f he red sandstone. The coal strata lie 
between i he porphyry and the slate hillsy so that they have the Jirst 
place ill the order of superposition (sie ersteii zum hangenden 
haben). In the upjier fbrinationSy the conglomerates and sand- 

A t ones cxh i bit the nisei ves. 

3. The Petersbirge. This is a great mass of the porphyry 
formation bounded by Lobegun, Wcttin, Halle, Landsberg, Bitter- 
field, and Zorbig (lying a few leagues south-east from the Hartz), 


* I have abridged (but without any other alteration tlmn that of condensation) tiiis 
account from Keferstein <Teutschland, p. IMS, Xo. I). I have done this bec:iusT; the 
statements 1 formerly published have been controverted by JMr. Weaver. It is well, 
therefore, to call in an impartial witness as arbitrator. 1 must leave tlic reader to judge 
towards w'hicli side the evidence tlius introduced inclines, 

■f This is the part which Freisleben separates from the true coal formation ; it exteruls 
to Meisdorf and Kndorf, and is coloured in Uie map accompanying his work as rothe- 
todte ; but that map exhibits also the true coal formation as here interposed between the 
rothetodte and the transition rocks. 

i The true coal formation lies (sec the map accompany Freisleben) considerably on 
tlie north of Neustadt. The coal beds described by him as s\t]li(^)rdinate to tlie rothe- 
todte are on the contrary on the south-east of that town, extending thence towards Ila- 
iield. The whole of this tract is coloured as rothetodte in the map, which presents tlie 
regular series ; transition rocks, coal, porphyry, rothetodte, overlying each other in 
succession. < • 

New Series, voL. v. 


L 
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Forphyry.is the prevalent rock ; the upper (as at Neustadt) 
hecome conglomerated and approximate to Uie red sandstone. 

The coal measures occur at jLobegun, Wettin, Dolau^ Brach- 
wich, and Giebicenstein ; they octfur in the porphyry, sometimes 
covering, sometimes covered by it (the map accompanying Freis- 
leben represents them as generally beneath the porphyry) ; the 
porphyry above and below the coal are distinguished by the more 
granular structure of the former, which is associated with the 
conglomerates ; the coal is stratified, but disposed in saddles, 
troughs, &c. and often swells into irregular masses. Where the 
coal measures are thickest, and no porphyry is found beneath 
them (as at Wettin), the coal sandstone prevails to the greatest 
depth, and is often much like the gri^.ywacke. 

, The red sandstone lies either upon the slate mountains of the 
Ilartz,**^ or upon the porphyry of llejield and the PetersbirgCj and 
forms a range of hills stretching through Mansfield between the 
two points .‘1* 

With regard to the porphyry associated in these coal districts, 
I have to add to the above account, that its relations with the 
formations among which it occurs are very obscure. Humboldt 

* That is where tlic porphyry and coal arc wanting, aa appears from the remainder 
of the sentence. Sec also the map in Freisieben. 

t It appears from the statement of Freisieben, that the rothetodte of these hills 
upon the IVeUin coat Jieid. His localities inolude all the roMctod/c represented 
by the map accompanying his work in that quarter ; so that the fact of the superposition 
of the great masw of the rothetodte above that coal field cannot admit a doubt. It 
appears, however, that a conglomerate resembling the rothetodte also occurs in some 
places beneath these coal measures. On tliis account, Freisieben is inclined to rank this 
field, not with the true coal foniiation, but with the carbonaceous beds subordinate to 
the rothetodte. His inferences are, however, open to .doubt, first, because, he says, he 
had never himsrtf seen the Inferior congUymerate in siln^ and reasoned from specimens 
onlp ; and, secondly, because the occurrence of conglomerates of similar character above 
an<l below the coal measures can never be admitted as a proof of identity of formation, 
otherwise our own conglomerates of the old and the new red sandstone must be considered 
as a single fonration, and the carboniferous limestone and -coal measures be treated as 
subordinate to that formation — a conclusion which, in the mind of evciy instructed geo- 
logist, will be fully equivalent to a reductio ad absttrdum, I, tlierefdre, demur to the 
abatement that any part of these coal districts are really subordinate to the rothesandstein, 
as one requiring ftirther confimtation. Be this as it may, however, it will not prove that 
the true coal formation {which, as we hare scen^ is distinct from t/use subordinate beds), 
is similarly related. The whole evidence shows, as clearly as any evidence can do, that 
the appearance of this rock is confined to the upper regions of the coal formation; 
and if it be not referable, as (following Ihickland), I believe it to be, to the sandstone 
serie^ of the succeeding geological .-era (with which I again assert, from personal exami* 
nation, and not with our old red sandstone, it most closely agrees), it can only be consi- 
dered as an upper member in the coal series. Humboldt inclines to consider the red 
sandstone as associated with tlie coal series : honille, he adds, paroit le plus sonvent 

au dessous ilu grts rouge, qitelquefois il e.st plac.ee cvidcmmtnt oudans cette roche ou dans 
fa porphyrie. He adds no other facts than those above alluded to ; and I, therefore, 
adhere to the interpretation before given of the cases in which it is said to occur in the 
red sandstone. 

In concluding this note, I have to correct an error which lias arisen from hasty trans- 
rription in Mr. Weav^'/’s account of the beds in the liobegun colliery: he makes the 
lowest stratum rothetodteliegende, whereas it stands in his original rothethonartigcrlic- 
gelule ; not the rothetodte, but a red argillaceous stratum. The point is not very inate- 
1 ial ; because Freisieben probably considered it as belonging to that formation ; but 
questions oftliiskind can Oiily be settled by minute accuracy. 
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observes that it penetrates the coal measures in variourf“ manners ; 
sometimes it covers the coal immediately; more generally it 
reposes on the sandstone^ ejevating itself above this rock in 
domes, towers, and escarped rocks. When the transition rocks 
are immediately covered by the red sandstone, it is difficult to 
say whether the porphyry associated with the coal is referable 
to the transition or sandstone series. The porphyry seldom 
forms true beds in the coal measures, but rather transversal andin*^ 
terposed masses. Headds, that these masses offer many analogies 
with volcanic rocks, and inclines to favour the opinion, that the 
pretended passage of the porphyry into the sandstone is an illu- 
sion produced by regenerated porphyries ; i. e. by the subsequent 
reunion of porphyritic debris. These remarks are applicable 
generallv to the porphyry associated in the coal districts of 
Germany. From its intimate connexion in geographical posi- 
tion with the coal districts, I have included it under the same 
colour, though strongly inclined to consider it as of subsequent 
formation. 

(L.) Coal and Porpht/ry of the Thuringerwalde.* 

The porphyry of the Thuringerwalde constitutes the highest 
portion of that chain ; it contains, according to Keferstein, sub- 
ordinate beds of coal between Ilmenau and Sahl. 

(M .) Coal^ on the Western liorders of the Chains extending 
from the. Thuringerwalde. 

A small coal district occurs on the borders of the Saxon slate 
mountains, not far from Steinacli, near the point where they 
join the Fichtelgebirge, and porphyry is found on the borders of 
the ISohemerwald, near Ratisbon. 

(N.) Great Saxon District (f Coal and Porphyry. 

This is an extensive district which may generally be described 
as lying along the course of the Zwickau between Leipzig and 
the Erzegebirge ; porphyry prevails. Coal accompanied by the 
usual rocks ocems near Zwickau, at Schonfield, Planenschea 
grund near Tharaiul, &c. sometimes overlying, sometimes under- 
lying, and sometimes associated with the porphyry This dis- 


* The following articles are chiefly from Keferstein. 

+ At Sclionfcld, the coal alternates with porphyry, above which occur the following 
beds : 1 . A conglomerate of porphyry and gneiss. 2. Bituminous shale wuh vegetable 
impressions. 3. lied sand. At Zwickau the beds (beginning with the lowest), 1. Waeke- 
2. Basalt. 3. Nine or ten coal beds alternating with white grit and shale containing 
vegetable impressions. 4. Sandstone. 5. Red grit. The coal field of Planeschen 
grund is more extensive than either of the former; here a range of sicnitc, extending on. 
tile right bank of the AVcisscritz, forms the fundamental rock on jyliich a secondary por- 
phyry reposes ; then succeed four beds of coal alternating witm grit and shale, anti 
inclined at an angle of 65^. 

There is no bitumen in the coal of Schonfeld ; although it abounds at Planenschen 
gtund : the same fossil vegetation is presented in all these iiii?v?s. (.See JSternberg ^ Flora, 
-'ur Vorwclt,’) 
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trict is supposed to have a subterraneous connexion with that of 
Petersbirge near the Hartz. 

(O.) Coal andPorplufvyof Bohemia^ and Bohemian Silesia. 

A zone of these formations crosses these countries from 
south-west to north-east. It may be thus subdivided : 

!• The Pilsen Coal District. — A series of detached coal 
basins reposing on transition slate, extending from Merklin, by 
Pilsen and Radmtz, to Prague. Porphyry does not occur in 
this tract. 

2. The Waldenburg District. — Exte/iding from Landsliut to 
Waldenburg and Glatz between the Riesengebirge and Eulenge- 
birge. It exhibits both porphyry and coal.* These formations 
alternate ; a chain of them follows the slate mountains ; then 
succeeds the red sandstone. The coal is very irregular in its strati- 
fication ; the ^'incipal variety is slate coal, the ordinary coal 
rocks occur: the beds are numerous, 

3. * The Pilsen and Waldenburg Districts have evidently a sub- 
terraneous communication beneath the intermediate plains in 
which the coal formation often makes its appearance. Xo por- 
phyry is seen at these points. 

4. At Freiheit Seniile and LiebenaUj the porphyry alone 
appears. 

(P.) Mora dan Coal District. 

Coal, unaccompanied by porphyry, occurs in the environs ot' 
Brunn. 


(Q.) Upper Silesian Porphi/n/ ami Coal District . 

This is an extensive district including the following towns : 
Pless, Freystadt, Troppau, Ingerndorf, Kosel. Tt lies [»ort!y iii: 
Silesia, and pvirtly in Poland : in the former, it exhibits coal 
only; in the latter, coal and porphyry. The coal formation 
reposes immediately on the slate nioiintuius of the Sudetenge- 
birge. The strata are elevated in approaching that chain, but 
more horizontal as they recede from it. The coal measures are 
covered by the porpliyry, which, in its turn, supports the Alj>iiie 
(magpesian) limestone. The coal measures puss by su( li a gra- 
dual transition into the grcywacke oil which they repose, tliat, 
according to Kefersteiu, it is difficult to ascertain the exact 
demarcation between them. The usual rocks of the coal forma- 
tion prevent grits of various textures ; millstone gr/V, shale, with 

* According to the map and sections ofVonRaumcr, the outcrop of the principal 
coal beds follows the border of the transition rocks ; but this writer mentions a conglo- 
merate and a limestone among the upper beds of the transition series ; and as he (in 
common with Bcudant, Humboldt, Daubuisson, &c.) always refers the old red sand- 
stone and mountain.Xfnestone of English geologists to the transition class, he very pos- 
«U>ly thus designates them here. The same map and sections show that a great part of 
the porphyry and the red sandstone gcneraUii are placed above the great coal formation. 
JBut he adduces instances ^f coal subordinate to tlie red sandstone, and inclines to consi- 
der them as referable to one great formation. 
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nodules of cluy ironstone, and (carboniferous) limestone ; the 
coal is mostly slate coal : there are numerous beds, and some of 
very considerable thickness. 

(R.) Coal of Hangar ij. 

The lower series of our coal formations ; that is to say, our 
old red sandstone and inountuiu limestone, are expressly, and by 
jiaine, recognised by Beudant, as reposiJig on both sides the 
'fatra and Kralova mountains (a portion of the Carpathian chain) : 
he refers them to the transition class, and describes them as grit 
of a red or white colour, liaving* a siliceous cement su})porting a 
com[)act limestone with nodules of chert. On these repose the 
coarser coal grits ; then .^^ine beds associated with limestone, 
and also containing traces of coal (which, however, from his 
description, 1 should rather refer to the rothetodte scries) ; then 
ainygfhii-id and red grit ; and, lastly, the salif||||Dus sandstone. 
(Joal is fvjiuui at Balli gored and Rosocky, near Sniok. 

Aiioraer coal district occurs at Funfkircheii, on the borders of 
Sclavonia ; it presents (beginning with tlie fundamental rock), 

1. (Mack limestone. 2 , Coarse coal grit. 3. Slaty coal grit. 
4. Shale and fetid limestone. 5. Carbonaceous grit. (3. Coal. 
7. Several varieties of grit. 8. CJreeuslonc. 9. Red grit. 
10. Re i j)orpliyry. The latter beds clearly l>elong to the rothe- 
todte of Ccriuany. 

(S.) Coal of Russia, 

(k)al or otlier bitiiniiuous formatiems arc reprcs<mted by' Mr. 
Strangways as occurring, J . In the north of Russia near Yarousk. 

2. Onllie east reposirigagaiiistthe lYal mountains, nearthe source 
of the ( ’luisovaga. 3. lathe centre of Russia, at Oalouga and 
Toula (\vhcr(i t!i|} great iron works arc established). 4. In the 
south, at Bakmont on the Douetz. o. In the Crimea, and repos- 
ing against the Caucasian cliaiii ; luit these districts have not 
yet been examined with sufficient care to ascertain whether the 
beds really belong: to the true coal formation. 

(7u be conlinucd.') 


Artici.e X. 

Proceedings of Philosophical Societies, 

llOYAL SOCIKTY. 

/)<r. 19. — A paper was read, On the Chinee Year, by J. F. 
Davis, Esq. FRS. The introductory portion of this paper \vas 
occupied, in proving that no scientific knowledge of astronomy 
existed in China prior to that which was introduced in early 
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ttmes by the Arabians, and afterwards by the Buropean mission- 
aries. The 86 eclipses recorded by Confucius, are useful in 
determining points of chronology, but furnish no evidence of 
astronomical science ;'»the Chinese had been in all ages attentive 
observers of the sky, and of the apparent changes of the heavenly 
bodies. The encouragement and promotion by that ever-jealous 
people, of foreign professors of astronomy, evince that they 
could not, originally, have been acquainted with it themselves ; 
and this is also shown by their adoption of the errors of those 
foreign professors. The author has seen in an ancient Chinese 
book, a com“3lete delineation of the Ptolemaic system, with its 
crystalline or"3S, and the earth in the centre. The inscriptions in 
the Chinese language on some of their ancient instruments, do 
not prove their own knowledge of ••astronomy ; those instru- 
ments were made for them by the Arabians ; the cannon cast for 
the Chinese bv Europeans have inscriptions on them in the lan- 
guage of the flj^er. 

It has ever neen the ungrateful practice of that people to appro - 

S riate as their own every invention of other nations. When 
Ir. Pearson transmitted to China some of the vaccine matter, 
he sent with it a pamphlet in Chinese, containing directions for 
its vise ; an expurgated edition of this was published, shortly 
ufter its arrival, iii which nothing appeared, from which it could 
be learned that vaccination was not a Chinese discovery. 

The nature of Mr. Davis’s astronomical details concerning the 
Chinese year, precludes us from giving an account of them ; 
they were accompanied by aU illustrative drawing, showing the 
28 constellations of whicJi the year consists, with the degrees 
they rf^spectively occupy ; the Chinese have no solar year. 

At the same meeting a portion of the following paper was read : 
—-On Hocks that contain Magmesia, by Charles Daubeny, MD. 
MGS. Professor of Chemistry, Oxford ; coiiimunicated by Prol*. 
Euckland ; after which the Society adjourned over the Christmas 
vacation until Jan. 9, 1823. 

Jan. 9, 1823. — The reading of Prof. Daubeny ’s paper was 
resumed and concluded. This paper commenced witli an 
account of the localities of the secondary magnesian rocks in 
England and on the continent of Europe. The presence of 
magr^l^sia in many simple minerals, and in the primary strata, had 
long* been well known ; but Mr. Tennant was the first to detect 
its presence in certain secondary limestones, which occupy a 
considerable space in the north of England ; and covrespoiidiiig 
magnesian beds have since been discovered to exist extensively 
on the continent. This earth appears to extend almost through- 
out the secondary strata : it occurs in the mountain or carboni- 
ferous lime series ; in the zechstein of the Aljis, referred by Prof. 
Suckland to tlpa* English magnesian limestone ; it has been 
found by Mr. Warburton in the blue and in the white lias, and 
its presence in them is indicated by the springs containing sul- 
phate of magnesia vfith which they abound. The presence of 
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this earth in the oolites has not been ascertained with certainty, 
and it has not yet been discovered in the chalk of this country ; 
though Brongniart has detected it in that near Paris ; and he 
ascribes the sterility of Champagne, to it^ presence in the chalk 
of that province. Magnesia also occurs in the tertiary forma- 
tions which, in many countries, succeed the chalk; its presence 
in the l.ondon clay is shown by the efflorescence of its sulphate 
from the bricks which are made ol* it, and the springs of Epsom 
may also be adduced in pro(d‘ of this : it has likewise been found 
in the c alcaire grossier of France, and in a specimen of the same 
formation containing nummulites, from near V^erooa. 

After some remarks on the importance of the subject, in its 
connexion with building and with agricnlture, from the modifica- 
tion by tlie magnesia of the characters of the. rocks into which it 
enters, and from the effect of that eartli upon vegetation; 
Dr. D. proceeded to describe the chemical methods he employed 
in his examination of the magnesian rocks. Unstated that our , 
object be merely to detect the presefice of magnesia in a lime- 
stone, we may adopt Dr. Wollaston’s j>rocess, by carbonate Of 
ammonia and pliosphate of soda; or that in which oxalate of 
ammonia is used in conjunction with those salts ; but these can- 
not be employed in ascertaining the quanUty of it which may 
exist ; for in both of them a portion of magnesia is thrown down; 
and in tlie first, apart of the lime remains unprecipitated. For 
the last mentioned purpose, Dr. D. suggested the following pro- 
cess, for the details of which he referred to his paper on the 
subject lately published in the Edinburgh PhilosophicalJouriial. 
Dissolve the substance under examination in nitric acid, evapo- 
rate tlie solution to dryness, so as to expel the nitric acid ; then 
dissolve the lime and magnesia in acetic acid, and separate them 
by converting them into sulphates : the only objection to this 
method of separating the two earths is, that by too great a heat, 
pait of the acid may be driven off from the sulphate of magnesia, 
and so the proportion of that earth underrated ; or, in consequence 
of not employing sutlicient heat, some water may remain in the 
salt, and tluis the quantity of magnesia maybe overrated. 

The paper concluded with a catalogue of the secondary rocks 
in which the author has found magnesia, u'ith some account of 
their external characters ; the primitive rocks were tj^iitted 
because the presence in them of the earth in question is so well 
known. tSome of the characters of magnesian limestones afford a 
presumption of their nature ; their colour varies from honey- 
yellow to saffron-red, and their fracture presents small crystalline 
points, having a glimmering lustre : slight effervescence with 
acids, of course, is a test only w hen the proportion of magnesia 
is large ; but it is a sufficiently accurate one for agricultural 
purposes. 

At this meeting likewise, the following paper was read : 
— ►Corrections applied to the great Meridional Arc exteniling 
from Latitude 8° 9' 38’39'', to Latitude IS'^ 3' 23*64" to reduce it 
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to the Parliamentary Standard, by Lieut.-Col. William Lambton^ 
FRS. In this, paper. Col. Lambton expressed his satisfaction, 
on account of the uniformity thereby obtained, that the com- 
missioners appointed to consider the subject of' weights and 
measures have adopted Mr. Bird^s standard. In order to reduce 
the above arc to this standard,. the ineasuroinent of it deter- 
mined by the brass scale must be multiplied by '0000018, and the 
product subtracted for the correction ; and that by Ramschiii^s 
bar must be multiplied by *000007, the product being added for 
the correction. Col. Lambton has just completed some measure- 
ments, which, when the requisite calculations are made, he 
purposes to submit to the Royal Society. He is proceeding with 
his arc through Hindostan ; if Scindiah^s country continue quiet, 
a section of it will pass through Gwalior, his capital, and end at 
Agra on the .fuinnah. 

Jan. 10. — Some practical Observations on the Communication 
and Concentraiion of the Magnetic Influence, by Mr. J. H. 
Abraham, of Sheffield ; communicated by the President. This 
paper was divided into three sections; the first being on the 
depth to which magnetism penetrates. In this, the author 
stated, as the result of a number of experiments with steel bars 
of vario\is dimensions, that magnetism does not penetrate deeper 
than the l-20th of an inch ; and that bars of 1-lOtli of an incli 
thick are as powerful as those of greater thickness, the increase 
of surface in the laUer being taken into consideration. The 
second section related to the coimnunication of the magnetic 
inHuence : in this, some minute directions were given for the 
formation of magnets of the bar and horse-shoe kinds, botli 
simple and compound ; the construction of a. very powerful 
compound magnet in the author^s possession was explained by 
means of a drawing. It was stated tJiat magnetism, like electri- 
city, extends at once over the whole surface of the body exposed 
to its influence. If an octagonal bar of steel be magnetized by 
a stroke with a set of magnet-bars along one of its sides, each 
side, at the same distance from the centre, will acquire the same 
degree of magnetic powerJ In another respect, however, mag- 
netism differs from electricity in a striking manner : if a charged 
Leyden jar be brought into contact with one that is not charged, 
the el^tric fluid will be immediately communicated to the latter, 
and it will be divided between the two in an equal proportion ; 
but one bar of steel being placed upon another, though the upper- 
most become magnetized over its whole surface instantaneously 
by a single stroke with a set of magnets, yet the lower one did 
not acquire sufficient magnetic power for the attraction even of 
needle pointings, which are much finer tlran iron filings. It was 
the observation of the magnetic action on these pointings, that 
led the author to ^is invention for obviating the ill effects of dry 
grinding, w'hich the Society of Arts had crowned with their 
gold medal. In the last section of the paper, some phaenomena 
in polarity were desckbed. The author has succeeded in giving 
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several poles to a magnet by the following method : ke took a 
set of magnets, and went over a bar with them in one direction^ 
from one end to the middle, then turning the set round went 
on from the middle to the otber end, tlu^s leaving oft' with the 
same pole that he began with : the bar so magnetized possessed 
similar poles at the ends, and exhibited opposite polarity in the 
middle : in this manner even five poles may be given to a single 
bur of steel. 

At the same meeting, the reading was commenced, of Obser- 
vations on Magnetism, by John Macdonald, Ksq. FRS. 


LINNEAN S OC I ET Y . 


,y 21, 1S23. — The following papers were rend 
tion of three Insects of Nejiaul, by Major-Gen. T. 
1 / 


: — Descrip- 
Hardwicke, 


Description of a Tail-less Deer, iNlative of the Snowy Moun- 
tains of iSepaul, by the Same. 

l^erliaps the CV;*r//.s* pt/gmu^us of Pallas : head the size of that 
of a full-gTow’ii stag ; horns trifurcate, tiiberculated at the base; 
neck curved, like that of a camel, with a mane on the back; 
when walking, carries its head in a hori/oulal position. Though 
called tail-loss, it has the thick rudiment of a tail, four or five 
inches long. (Colour, a brownish ash-colour ; darkest along the 
dorsal line. The following are some of the dimensions of the 
specimen examined, which was presented by the Court of Cat-' 
inandu to the Dritisli resident, and is now in the menagerie of 
the Marquis of Hastings, in his park at Parrackporo. Length 
of head I foot 5 inches, ditto of neck 3 feet 5 inches, ditto of 
l)ody 2 feet 5 inches, total length 7 feet 3 inches; height 4 feet 
3 inches, circumference round the abdomen 4 feet 9 inches. Though 
tile animal has bejen accustomed to the socitdy of man for tw'o 
years, yet it still brings its horns inti> a position of offence or 
defence when approached ; it is not, however, fierce ; but may 
easily be led by the horns. 


OEOLOGICAL S0CI?:TY. 

Noi\ 1 and 15. — A paper was read On the Geology of Hun- 
gary,’’ by the Hon. W. T. II. Fox Strangways, MGS. ^ 

The author, after stating that calcairc grossier is found m the 
immediate vicinity of Vienna, follows the course of the Danube, 
and enters near Presburg, the lesser plain of Hungary ; this 
plain is bounded on the west by the hills called Leitha Giiberge, 
and a granitic chain, which is connected with the White Hills 
and tlie Carpathians. These ranges form the gorge of the^ 
Danube at Presburg ; on the south is a branch of the Alps of 
Styria and Carinthia ; on the north are the ramifications of the 
northern part of the Carpathians ; on the eastj 4he hills of the 
forest of Bakony, through a gorge of which, between Gran and 
Buda, the Danube’ finds its w'ay into the great centraPplain of 
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Hungary. The author supposes the whole of the lesser plain oi 
to be composed of calcaire grossier, and the several 
locahties in which he observed it are enumerated ; leaving this 
plain, and proceeding i\orthwards„he crossed the granitic chain 
which lies between the valleys of !^itra and Thuroez, and conti- 
nuing his route, ascended Mount Fatra, the lower part of which 
is composed of shale, above which is a hard oolitic limestone 
which the author believes to be only the lower bed of the cal- 
caire grossier. 

On the right bank of the Vag, opposite the town of Rosen- 
berg, are some conical hills of hard white calcaire grossier, on a 
rock of which is the ruined castle of Dyiimbir. This rock conti- 
nues to form all tlie hills on the right bank of the river, and 
behind them are seen the high suUimits of the Carpatliians, 
among which the conical Mount Tcpla is most conspicuous. 
The calcaire grossier during all this space resembles that wliich 
forms the left bank of the Danube between Ratisboii and Passau. 
Before arriving at Ocholicsna, the beds of calcaire grossier ter- 
minate on the north side of the valley, tlin;wing up a bold 
escarpment towards the magnificent gr<uip called collectively 
the Mount Tatra, and of which the Krivan (esteemed the loftiest 
of the Carpathian chain), rising into the form of a cone, forms 
the western extremity. 

Most of the high valleys in the north of Hungary are poor and 
* ill cultivated ; bare ofw'ood, except a few stunted pines. Conti- 
nuing his route eastward, ]VIr« *Straiigways found the country to 
consist chiedy of shale and grit, which extends nearly as far as 
the neighbourhood of Eperies. On the road to Bartplia, it is 
interrupted by a narrow band of a dark porphyritic granite, 
which rises into detached conical hills near the post Ternyo. 
On the westernmost is situated the fortified town of Szeben. 
Near the town of Bartpha is a reddish shale and sandstone, 
which constitute the mass of the continuous Tange of tlie Carpa- 
thians. Crossing this range by the pass of Dukla, he entered 
by the valle^y of the San, the vast plains of Poland, highly culti- 
vated, and ill every way a contrast to the poor, but varied moun- 
tains of Hungary. Gallicia is a plain of vast extent ; in this 
rich but uniform country, natural sections and interesting 
scenery are found alone on the banks of the rivers. The whole 
couiitry appears to be a sandy lime, sometimes resembling chalk. 
West of Leopol, the soil is a light yellowish sandy earth, resem- 
bling that of the richest part of the calcaire grossier of the 
Netnerlands. East of Leopol is a deep blai^ soil exactly 
resembling that of the most fertile parts of Russia ; both appear 
to cover the same formation, and they are equally productive. 

Dec. 6. — A paper was read, Ou the Geology of some Parts 
of Arabia, ancl^some Islands in the Persian Gulph,'' by J. B. 
Fraser, Esq. 

This paper contains geological observations on a part of the 
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coast of Arabia, and aeveral islands in the Persian Gulph« and 
was accompanied by specimens collected in the countries which 
he describes. On a voyage from Bombay to Bushire (near the 
head of the Persian Gulph), Mr. Fraser had an opportunity of 
examining the country round Muscat, and for a distance of 
some miles in the interior ; where there is a considerable extent 
of serpentine and of stratified calcareous rocks. He landed also 
on the island of Rishm, consisting of a formation probably very 
recent ; while the rocks on Ormus seem almost wholly primitive. 

Two letters were read from W. Hamilton, £sq. his Britannic 
Majesty's Minister Plenipotentiary at the Court of Naples, to Dr.. 
Granville, MGS. giving a description of the late eruption ot 
Vesuvius. 

Dec, 20. — Part of a letter to Dr. Wollaston, VPGS. from Dr. 
Fitton, was read, containing an account of the geology of the 
vicinity of Boulogne, and notifying the author's intention to 
present a memoir on this subject to the Society. This notice • 
was accompanied by a map and sections of the distric-t included 
by the chalk, from the place where it leaves the sea near Wissant, 
to where it rejoins it to the west of Neufchatel and Samer. 

A paper from George Cumberland, Esq. was read, describing 
the strata round Dursley, Stroud, and other places on the Banks 
of the Severn, and in the county of Gloucester, with a descrip- 
lion of some fossils found ia several beds of the oolite formation. 

Jan. 3. — A letter was read from the late Rev. John Wrighf, 
rector of one of the principal parishes in Nassau, on the Bahamas, 
transmitted to Professor Buckland, in compliance with a late 
circular letter from Karl Bathurst to the colonies, giving an 
account of the geological structure of the Bahamas, 

These islands, which stretch in length not less than 600 miles, 
appear to be a very recent formation. They are all calcareous^ 
and have a strong resemblance to each other in their general 
features. A very full and interesting account of their physical 
structure, products, and geographical relations, is furnished by 
Mr, Wright's paper, with a description of some curious caverns 
and valuable salt lakes in which many of them abound. 


Article XI. 

SCIENTIFIC INTELLK; ENCK, AND NOTICES OF SUBJECTS^ 
CONNECTED WITH SCIENCE. 

I. Electro- Magnetic Experiment. By Prof. Oersted. 

Although there arc many proofs that every point in the circumfe- 
rence of a round galvanic conductor has an equal action on the mag- 
netic needle, yet it appears that several authors are of die contraiy 
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opinion. The reason of this may be, that no method has hitherto been 
«ieviscd of giving the needle any desired situation with respect to the 
conductor ; and although Paggendorf has thrown much light on this 
subject, by employing magnets for th^ purpose of giving the needle 
any situation at pleasure, yet the respective intensity of action which 
each point exerted on the needle remained undecided in his expe- 
riment. 

Prof. Oersted has endeavoured, by the following experiment, to 
remove all doubts on this subject. A brass wire, 10 feet long, and 
l-36th of an inch in diameter, is placed in a perpendicular position on 
the side of a column, at the luiddie of which is a stand to place the 
needle on. Roth ends of the w'ire arc j)laced in small vessels filled 
with mercury ; by these it communicates with a single pair of plates on 
the Professor’s construction, in which the vessel is of copper ; and in order 
to prevent the influence of the other parfs of the apparatus, this is so 
-constructed that they remain far distant from the needle during the 
experiment. The galvanic apparatus is fixed on the middle of a pole 
10 feet long ; one of the conductors passes over the upper end of the 
pole, and the oilier benearli the lower one ; and from thence they are 
brought, ill a horizontal direction, each into contact with tltc mercury 
in one of the small vessels. The entire apparatus is of a rectangular 
figure. 

Tiic pole with the galvanic apparatus is now made to revolve in a 
circle around the perpendicular wire and the needle : during the expe- 
riment, therefore, every point in the wire will constantly cliange its 
position with respect to tlie galvanic apparatus, and will he, in succes- 
sion, on the inner and on the outer side of the galvanic chain. In a 
series of experiments in which the apparatus went round at least three- 
fourths of the eircuniferenco, the needle constantly exhibited the same 
declination wliich it had at the moment when the galvanic circuit was 
completed. Jt appears, therefore, from these experiments, that no 
doubts can be entertained, hut that every point in the circumference 
of the conductor lias the same efl’ect upon the magnetic needle. 

"if. F.x}stcncc of Metallic Veins in the Transition J Amestone of Plymonili* 

It has hitherto been believed, that the extensive strata of limestone 
in the neighbourhood of Plymouth, which belong to the Transition class 
of Werner, or to the Submedial order of the Rev. W. D. Coriybcarc’s 
new arrangement of rocks, are altogether devoid of metallic veins. 
'The Rev. Richard Ilennali, in his “ Succinct Account of the Lime 
Rocks, of Plymouth,” lately published, being the Substance of his 
communications respecting them to the Creological SocictVj says, 
p. 18*, “The bed of Plymouth limestone appears to be entirely free 
from all metallic x^cins ; and 1 have not seen, nor have 1 heard, of any 
thing tending to what miners would call a lodcy of any of the metals, 
having ever been discovered in any one of the quarries that have 
hitherto been opened. It is true that indications of the presence of 
irony and also of manganesey may occasionally be seen, as a colouring 
matter, in particular spots ; but always thinly spread, and never in any 
quantity.*' 

Mr. Hennah al^'b states, that, in a single instance, he has observed 

spots of pyrites in fragments of limestone and slate/* found in sinking 
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a well .at Stonehousc; and that hc*has been told, that in digging an- 
other well, on the road leading from Plymouth to Cat-Down ; parti- 
cles of pyrites were observed by the workmen employed, and also a 
glimpse ^ copper but he exjA-esses strong doubts of the accuracy of 
this relation. 

It appears, from the following circumstance, that this subject 
demands a more rigorous investigation : in a collection of specimens 
from the Plymouth limestone, recently brought to London, is an 
assemblage of small quartz crystals, mingled with crystalline galena / 
upon the galena are small lenticular crystals of carbonate ofiron^ anil 
the amorphous mass of quartz into which the crystals pass, is mixed 
with a greenish-grey substance not unlike chert, in which are dissemi- 
nated minute cubes of iron pyrites. The entire specimen bears every 
character of having once foruied part of the lining of a cavit 3 ’' in a vein ; 
it was procured from a quarry at Cat-Down. 


Article XII. 

NEW SCIENTIFIC BOOKS 

IMtEPAllIXn r«K PUBLICATIOX. 

Observations on tlic Functions of the Digestive Organs, especially 
those of the Stomach and Liver; with practical Remarks on the Trent- 
inent of some ot the Diseases to which these Organs are liable. By W. 
Prout, Ml). FRS, <K:c. <S:c. 

This Work will comprise the results of an experimental inquiry 
into the nature of some of the more important chemical changes which 
take place during the digestion and assimilation of the food. The 
practical remarks will principally relate to the proper adjustment and 
use of remedies, and to the pernicious effects liable to be produced ‘w'i 
delicate habits by tlie constant oj)t rations of various slowly acting 
causes, especially impure or hard waters : illustrated by analyses of 
the principal waters in common use in the metropolis and its vicinity. 

An Account of an Exi)cditi()ii from Pittsburgh to the Rocky Moun- 
tains, performed in the Years 18U), 1820, hy Order of the lion. J. li. 
(hdhoun. Secretary of War, under the Conmuind of iMajor S. II. Long^ 
of the Lhiited States, Topographical Fngineer. ]5y hhhvii> James,. 
Botanist and Geologist to the Expedition. In Three Volumeji, with 
]Maps and Charts. 

An Account of a Voyage to Greenland in the Summer of 1822, witli 
an accurate Map of that remote Region, by Mr. Scoresby. 

.11; sT PlIBLISiEIEO. 

A Universal Technological Dictionary, or familiar Explanation 4>k 
the Terms used in all Arts and Sciences ; containing Definitions drawn 
from original Writers, and illustrated by 60 l^latei:!^ and very nume- 
rous Wood-Cuts of Diagrams, Arms, &c. By George Crabb, AM. 
Author of ** English Synonymes Explained. In Two Volumes, 4to., 
Price 5L Ss. « 
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TraiiaaGticms of the Royal Geological Society of Cornwall, instituted 
Feb. 11, 1814. Vol. II. with Six Maps, &c. 8vo. 15^. 

Dr. Faithhorn on Diseases of the Liver and Biliary System, compre- 
hending those various, extensive, and ^ften complicated Disorders of 
the Digestive, Internal Organs, and Nervous System, originating from 
these Sources. The Fifth Edition. With an Appendix of Cases, 
illustrative of the Principles of Treatment. 8vo. 9^. Boards. 

A new Map of the Ear, exhibiting its external, intermediate, and 
.internal Structure, together with the principal Nerves and Blood Ves- 
sels ill its immediate Vicinity, designed as an Anatomical Illustration of 
that important Organ. By J. H. Curtis, Esq. Aurist to the King. 
6^. coloured. 

Researches respecting the Medical Powers of Chlorine, particularly 
in Diseases of the Liver ; with an Account of the new Mode of apply- 
ing the Agent, by which its Influence on the System can be secured. 
By W. Wallace, MRIA. Member of the Royal College of Surgeons in 
Ireland, Lecturer on Anatomy and Surgery, &c. 8vo. 

* A new View of the Infection of Scarlet Fever, illustrated by Remarks 
on other contagious Disorders. By W. Macmichael, MD. FRS. &c. 
Physician Extraordinary to the Duke of York, &:c. 8vo. 


Article XIII. 

NFAV PATENTS. 

J. Brindley, Finsbury, near Rochester, ship>buildcr, for improve- 
ments in the buildings of ships, &c. — Oct. 18. 

T. Leach, of Blue Boar-coat, Friday-street, Cheapside, for an 
improvement in steam-engines. Communicated to him by a foreigner. 
—Oct. 25. 

W. Piper, of Cookley Iron-works, Wolverley, Worcestershire, civil 
engineer, for several new anchors, for the use of shipping and other 
vessels. — Nov. 1 . 

A. Flint, of Uley, Gloucestershire, engineer, for a machine for 
scouring, pising, and washing of woollen cloth. — Nov. 1. 

J. Oxford, of Little Britain, for an improved method of preventing 
premature decay in timber, metalJic substances, and canvass. — 
NW. 1.* 

J. D. Moxon, Liverpool, ship-owner, for improvements in the con- 
struction of bridges, and works of a similar nature. — Nov. 9. 

F. Deakin, Birmingham, sword manufacturer, for an improvement In 
the manufacture of holster-cases, cartouch-boxes, and certain other 
description of cases.— Nov. 9. 

J, Jekyll, of lioundhill House, Wincanton, Somersetshire, for im- 
provements in steam or vapour baths. — Nov. 9. 

R. Roberts, of Manchester, civil engineer, for improvements in the 
process of weaving ^jyiaiii or figured cloths, or fabrics. — Nov. 14. 

J. Egg, Piccadilly, gun-n:aker, for certain improvements in the con- 
struction of guns and fire-arms, upon the self-priming and detonating 
principle. — Nov. 2G. 
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Article XlVl 

METEOROLOGICAL TABLE. 
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The o})scrvations in cacii line of the table apply to a period of twenty-four hours, 
heijinninir at 9 A. iNf. on the day indicated in the first cohiinn. A dash denotes that 
'he rc.tult is included in tlie next following observation. 
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REMARKS. 


Twelfth Month. — 1. Rainy. 2. Fine day: rainy night. 3. Fine. 4. Rainy. 
5. Fine day ; between eight and nine, p. m. rain commenced with a very brisk w’ind 
from the SW, w'hicli increased during the night to a violent gale. G. Verj^ windy 
morning: cloud}'. 7, Foggy. 8. Fine. 9. C16udy. 10. Very fine morning: fine 
day. II. Hoarfrost: very foggy day: cleared off at night. 12. Hoar frost; fine 
day. 13, Fine. 14. Fog^gy. 15. Cloudy. 16, Raw cold: overcast. 17. Foggy. 
18. Cloudy: atmosphere heavy. 19. A strong bleak wind. 20. Bleak. 21. Fine 
and clear. 22. Fine. 23, 24. Cloudy. 25. Cloudy and fine. 26. Fine: bright 
moonlight night. 27. Fine: clear. 28. Hoar frost. 29, 30. Fine. 31, A little 
snow in the afternoon. ^ 


RESULTS. 


Winds: N, 1 ; NE, 13; E, 5 ; SE, 2; SW. 6 ; NW, 4. 


Barometer : 51 can licight 

For tile month 30‘2('8 indies. 

Ft)r the lunar period, ending the 5th ' 29-743 

For 12 days, ending the 5th (moon north) , • * 29-590 

For 15 days, ending the 20th (moon south) . 30*373 

Tliemioinctcr; 51can hciglit 

For the month 33-548® 

c 

For the lunar period 37-724 

For 29 days, the sun in Sagittarius 38*172 

Evaporation 0*98 in. 

Rain 1-36 


lAtboraiori/j Stratford^ Fifst Mouthy 22, 1823. 


R. HOM'ARD. 
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Article I. 

Memoir on lha probable. Situalion and Prospects of the Expedition 
under CajU, Parr if. By Henry Edinonston, Esq.* 

(To the Editor of the Annals of Philosophi/.) 

SIR, Jan.t,ms. 

Tpie last ships of the season liave lon^' since arrived from 
Davis’s Straits, the year has closed, and time slips on ; yet we 
liear no tidings of our countrymen, wlio, twenty months ago, 
sailed on the expedition for the discovery of a North West 
Passage. The public mind, seldom long alive to any thing, but 
lately awakened fur a nionient to this subject by the return of 
Capt. Franklin, seems again to have sunk into its usual state of 
repose. Did our adventurers but know how small a share of 
the general svmnathv and attention their situation engrosses at 
ajiy given period, it would not much tend to cheer the dulness 
of their long and dreary polar winter. But though insome*mea- 
sure Ibrgotten by their country, they live in the hopes and fears 
of kindred and friends left behind, and in the anxieties of those 
who know how to estimate the magnitude and danger of the 
enterprise, and to do justice to their hermsni and intrepidity. 
The iudin’erence on the part of the public at large is peculiarly 
ill-judged, for at no stage in the history of this extraordinary 
project, since it was first set on foot by Cabot, did it ever 
possess such an intensity of interest as it does at the present 
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moment. To every mind of reflection and sensibility, I do not 
doubt but that this sentiment will be suflBciently familiar. But 
for the purpose of rousing, and, if possible, of keeping alive, 
attention to the subject, it will be the business of the following 
remarks to place some of the circumstances connected with it in 
as prominent a point of view as the shortness of the time within 
which I have to prepare this article will allow. 1 obtrude 
no speculations on the importance of a north-west passage. 
This, together with the history of the various attempts made to 
effect it, are well known to all who are the least conversant with 
the study of maritime geography. 1 may, however, hazard 
one observation, that, setting aside every other consideration, it 
does appear to be, under suitable circumstances, an object 
worthy of the first maritime nation in the world, to take the lead 
in determining all questions of this kind, even though no other 
result should follow, than the ascertaining of a geographical fact. 
Such exploits are in strict accordance with many of our most 
interesting national associations and habits. Besides, to Great 
Britain belongs the glory of having first instituted voyages of 
discovery for the mere purposes of extending the boundaries of 
natural knowledge, and of benefiting mankind. Moreover, it 
belongs to the rejgn of George III. and will transmit that reign 
to posterity, with a lustre that will throw into shade many of the 
political events, singular as they have been, which have occurred 
during the sixty years that it lasted. Much, it is true, had been 
done previous to the accession of our late monarch towards per- 
fecting the knowledge of tlie globe, but it had been done with 
selfish and sordid views, for the sake of national or individual 
emolument. It was reserved for this country, in our own times, 
to set an example of beneficence such as the world had never 
witnessed, viz. the exploring of new and distant regions in 
order that civilization and happiness might be more widely 
diffused.* The north-west expedition then; had it no other 
claim to our regard, would be entitled to it on the ground of its 
having been sent out in lurtherance of those laudable and 
enlightened designs. But it also has its own peculiar claims; 
such, indeed, as are calculated to call forth our utmost solicitude 
and admiration. 

We know that a certain number of our countrymen have now 
been absent for a long ]>eriod on a most perilous service ; tliat 
they have already encountered one hyperborean winter, and 
must now be amidst the hardships and privations of anotlier ; in 
regions, perhaps, never before visited, certainly never before 
resided in by liuropeans, and under circun\stances, though not 
altogether new, in the highest degree trying and difficult. We 

* It is a fact not undeserving of notice, that the first expedition sent out with the 
views here stated, sailed shortly alter the accession of Ins late Majesty; while tlie last, 
anti, perhaps, the t.nly important achicvenientof the kind remaining to be acconn lished, 
left the country in the year in which he died. 
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know them to be bold and resolute ; z&aloiis and persevering in 
the discharge of their duty, dreading nothing so much as failure. 
On the other hand, there is the experience of a former voyage ; 
the prospects thence opened out, a certain share of national 
reputation hanging on the event, the honour that must accrue 
from success ; nay, that must attach even to failure. In short, 
a thousand considerations all of them most deeply interesting, 
and tending powerfully to fix on this expedition the notice of the 
world, and assuredly to engage our warmest sympathies on 
behalf of those who have embarked in it. A few conjectures 
then, respecting the probable situation and condition at present 
of this brave band, and also as to their prospects for the future, 
will not, we hope, be considered mistimed at this season; to us 
one of rejoicing and festivity, to them, probably, one of dreari- 
ness and darkness. 

Next to the honour of participating in their hazardous pursuit, 
is the pleasure we derive from following* them in our mind’s eye, * 
or from tracing their fancied route on the map; joining in 
their labours, and entering into their difficulties. While thus 
employed, we feel, as if by taking a part, we lightened their 
toils ; and we at all events discharge the duty we owe them of 
taking a lively concern in their aiiairs, the belief of which on 
their part, we may be assured, helps, perhaps, more than any 
thing else, to cheer the dull monotony of their abode, and con- 
stitutes one of the principal means of enabling them to bear up 
under the pressure of hardships or misfortunes. Let us then 
endeavour to follow them, and, if possible, to find them out. 

Various situations present themselves in which we may 
imagine them to be placed, some of them more or less difficult; 
some of them dangerous. Before pointing these out, however, 
we shall attempt to assign the limits so far as respects latitude 
and longitude, within which their course must have lain, and 
witliin wdiich they must in all probability be, if alive, and their 
object still unattained. Tn doing this, although there be few 
data of any kind, and still lewder upon which we can approxi- 
mate with any thing like precision to the spot that they are 
likely to be now occupying, we <’.an at least say with some cer- 
tainty where they (n c nol ; and even this negative knowl<;dgc, in 
the absence of something better, is not wholly unimportant,. 

It istnot easy to guess accurately where the entrance from the 
North Atlantic has been made. The experience, however, of 
the former voyage — the fact of their not having been traced or 
heard of by any of the whalers — the views of Capt. Parry him- 
self — and other considerations — lead to the belief that the place 
of entrance has been sought for, and found, either through Hud- 
son’s, Frobisher’s, or Cumberland Straits, and^ thence northward 
by either Sir Thomas Rowe’s Welcome, Repulse Bay, or Fox’s 
Farthest. It will save some trouble if w^e at once take thisibr 
granted. i 

M 2 
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Cape Chidley in 60® North latitude, at the south entrance of 
Hudson’s Straits, and Possession Bay at the south entrance 
of Lancaster Soiuid, will consequently be their utmost distance 
in latitude ; while their space in longitude will not here consi- 
derably exceed 20®, which, at this distance from the equator, is 
not much. It is not till they reach the latitude of 66® or 67® 
that their longitude becomes considerable, extending to Icy 
Cape, or probably to Cape Prince of Wales ; that is, as far as 
the 168th degree of west longitude, and comprising not less 
than from 80® to 90® ; while the latitude suffers a corresponding 
diminution, not including, at the furthest, more than 6® or 7°. 
This is owing- to the particular direction of the land and water. 
Within the boundaries denoted by these rough numbers, our 
navigators, in all probability, must 'be. But we may, if we 
choose, very much circumscribe these limits; and, for the sake 
of aiding our speculations, it may be well to do so. We shall, 
therefore, confine them between tlie parallels of 66® and 72®, 
and between 80® and 168® west longitude. In this estimate it 
is assumed, that Capt. Franklin has given to the Copper Mine 
River a lower latitude than Ueanie did; and we may venture to 
do this with safety, both from what has transpired respecting his 
voyage, and from a conjecture hazarded witli great foresight by 
Capt. Parry in his Journal, It will also stretch as far north as 
Prince Regent/s Inlet, explored in the lust expedition. 

On casting the eye over the map, there is one thing that can- 
not fail to strike the most superficial observer, viz. the near cor- 
respondence in latitude (or at least within a very few degrees of 
each other) of four cardinal points, now ascertained to exist ; 
namely. Fox’s Farthest, the mouth of the Copper Mine River, the 
mouth of Mackenzie’s River, and Icy Cape. From well authen- 
ticated facts, as well as from many circumstances of a conjec- 
tural character, such us the probable direct ion. of currents, tides, 
&c. it amounts to almost a cert*ainty, that between the latitudes 
of 67® or even lower, and 75®, and for the whole’ longitude 
already mentioned, there is an extensive surface of water more 
or loss open. Whether continuously so from the North Atlantic 
to the North Pacific, or whether permanently obstructed by laud 
or ice,^remaiiis to be seen. So far as Capt. Parry’s former survey 
goesj there has not yet been discovered any a^stuary communi- 
cating with it betw^een Cumberland Strait and Lancaster Sound, 
though it might be expected tliat a body of water of such magni- 
tude would make itself known by an outlet not liable to doubt or 
mistake. We are not, however, to lay too much stress upon 
this; the Sound and the Straits of Gibraltar being familiar 
examplevS to the contrary. Still, no passage having been found, 
full liberty is allowed to presume tliat lludsoii’s Ray through 
Sir Thomas Rowe’s Welcome and tlie neighbouring passages, 
forms the prolongiitiun eastward of tins vast expanse, and that 
Hudson’s Straits gt^uerally, as cum pueh ending Frobisher’s and 
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Cumberland Straits, is the main channel by which it communi- 
cates with tlie Northern Atlantic. Through these Straits then 
we assume that Capt. Parry ^ agreeably to his own expectations 
and speculations, made good his entrance in the summer of 1821 . 
The question comes, where is he now ? and what is to become 
of him ? It would indeed be most gratifying, could a reply of 
definite probability be given to this question ; were it but to 
soothe the mind for a time into tranquillity, and to dissipate a 
portion of that uneasiness which must otherwise be felt. But 
this is not to be done, and we must be content with such con- 
jectures as circumstances seem to warrant. 

It is quite needless to imagine that they could have got 
through into Behring’s Stmits tlie first season. Such a supposi- 
tion, though favourable to iheir ol)ject, is fatal to their existence ; 
because they must have been either at home, or heard of, long 
ago. There can be no hesitation then in rejecting this notion. < 

^T\\ejirsl. supposition we shall hazard, then, is, that during the 
summer of 1821 they found admisr ion somewhere in the vicinity 
of the channel already specilied, and that favoured by’^ their 
former experience, the accidental openness of the season, the 
lower degree of latitude, and other concurrences, and keeping 
the American coast fast on board, they ])enetrated to a consider- 
able distance, say beyond the longiliule of the Copper Mine 
lliver, and that on the return of summer 1 822 , they recommenced 
operations, went forward, passing Mackenzie’s River, and 
pushed through into Behring’s tStraits, either by some outlet 
north of Cape Prince of Wales, such as Kotzebue^s Sound, or 
by doubling Icy Cape, prc)bably last September. Thi.s is clearly 
the most favourable supposition that can be made. Should it 
]n*ove correct, we may begin to exj)ect intelligence very soon, 
or in the course 'of the ensuing spring, either by the Isthmus of 
Barien and the West Indies, or we may see them by the East 
Indies, or Capo Horn, according to tlie route by which they 
return, wliich will doubtless be lel’t to Capt. Parry’s discretion.’^ 
We cannot anticipate early news by Karniscluitka and Petersburg, 
the journey being so long and tedious. 

The supposition now made, however, though a possible case, 
is a barely possible one. The presumptions are all advers'b to it. 
We have placed our adventurers at the end of the first season 
beyond the mouth of tlu^ Copper Mine lliver, for the sake of 
making every allowance, rather than because it is probable they 
could have reached thus far. The probability is, they did not, 
and this is corroborated by another probability, that they niay 
have been detained a long time, perhaps nearly a season. In 
doing little more than finding a channel by wliich they might 
advance, as happened to a certain extent in the former voyage. 


From this view it is obvious, that the circumstance of^our not yet having heard of 
them ought not, by itself, to occasion tlie least disquietude.' 
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while exploring Prince Regent’s Inlet, In the second place, it 
assumes the passage to be almost straight, and free, which 
assumption has little to. countenance it. Thirdly, the new and 
more circuitous route ; and although this may be compensated in 
some degree by a longer season in a lower latitude, and fewer 
obstructions than in Lancaster Sound, yet the compensation 
appears scarcely adequate to the purpose. We cannot make 
out from any satisfactorj*’ data the length of the working season 
under the parallels in question. In lat. 51°, at the south corner 
of Hudson’s Bay, Capt. James found his movements impeded by 
ice so early as October, and was obliged to lay up for the 
winter by the end of November; it was June before he could 
stir, and August before tlie ship was "disentangled, making little 
more than four clear months, and even during the whole sum- 
mer, the bay was infested, with ice. The entire working period 
in Lancaster Sound, at least in the meridian of Melville Island, 
which is exactly that of the Copper Mine River, did not exceed 
49 days, according to Capt. Parry. Now the parallels under 
which we have placed the expedition are upwards of 15° north of 
Charlton Island, where Janies wintered, and certainly not more 
than 7° south of Lancaster Sound. If then we give three com- 
plete months for the open working season, it may be all that 
can well be allowed. If Capt. Franklin was able to survey 600 
iniles of coast, it would argue to be sure a pretty long season for 
active operations, though, on the other hand, tlie winter appears 
to have set in upon him so early as the end of August. But here 
we are all in the dark, not long to continue so we trust. 
Fourthly, if they kept hold of the American coast, which Capt. 
Parry deems essential to success, they might have been seen or 
heard of by Capt. Franklin, had they penetrated to within even 
200 miles of the longitude of the Copper Mine. River. Yet this 
of itself is not much ; the natives may have destroyed their 
signals and beacons ; besides, they might easily pass unseen by 
Capt. Franklin. Fifthly, admitting that they did get beyond the 
Copper Mine River the hrst season, still there is an unexplored 
way of equal or greater length lying between them and the lon- 
gitude of Behring’s Straits, which would occupy fully as much, 
if not more time in exploring. At least so we must conceive of 
it, especially if we keep in mind that the forward advance of one 
season is no absolute criterion by which we can judge of the 
advance made in another, Capt. Parry, not having, during the 
v/hole summer of 1820, pushed westward 10 miles beyond the 
spot to which he reached in 1819. Sixthly, there is a fact stated 
by this able commander, that the quantity of ice kept increasing 
as they advanced wesCtuard : and although he accounts for this 
with his usual perietration, by the increasing distance from the 
coast of the ocean, and expects it not to happen after reaching 
midway, but, on the contrary, that it would decrease as they 
approached the western sea coast of America, fiom the well- 
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known greater mildness of the temperlture on the American 
than on the Asiatic coast ; yet it is difficult to r)ronounce how 
far this calculation would be €ound to agree witbi actual expe- 
rience. At all events, the accumulation of ice is likely to be 
sufficient, even in the lower latitude, to cause much obstruction; 
and to retard the progress so fur, as to induce the necessity of 
wintering for the second time in these arctic latitudes. And this 
brings us to the second supposition, which we beg to hazard ; 
namely, that they have proceeded beyond the Copper Mine, or 
even beyond Mackenzie's River during this last summer (1822), 
and have pushed forward ; but though the passage may event- 
ually prove to be pervious,^ that they have been obstructed by 
climate, season, and other impediments, before they could launch 
upon the Pacific by Behring^s Straits ; and that they are 
actually now passing the winter at some point short of that 
desirable goal. In this case no reasonable fears can be enter- 
tained for their safety. The wintering on Melville Island has 
set this question at rest. If all have gone w^ell with them, not a 
doubt can arise as to their capability of sustaining another 
winter in a lower latitude, fortified by two years’ experience, and 
doubtless amply provided. Though the risk to health will of 
course be somewhat greater (as appears by the reiterated appre- 
hensions of Capt. Parry), yet we may confidently hope, that with 
the earliest return of summer, they will press forward, and pene- 
trate into Behring’s Straits, probably by next August or Septem- 
ber (1823). In this case, it will be the end of 1823, or the 
beginning of 1824, before they, or any intelligence of them, can 
arrive in this country. This supj)osilion embraces all the pro- 
babilities of the former one, with others, and the important 
adjunct of time su])eradded. It is the one to which we most 
incline, because it seems to meet many of the objections likely 
to be urged, and it is effectual for the accomplishment of a 
north-west passage, if such do exist in the direction they may 
have taken ; while it is consistent with their perfect safety, 
which more than all is important ; even granting that a little 
beyond the spot where tliey are now sojourning, they should find 
themselves impenetrably opposed by ice or land, or to^ have 
sought for the passage in a wrong direction, an occurrence^ by 
the way, not unlikely to happen, they may still get back in the 
course of the ensuing summer; and by October or November, 
we may hail their arrival. 

The next, or third supposition, is not so favourable, involving, 
as it does, the likelihood of some danger, and the certainty of 
some difficulty, if not hardship. It is this; suppose, as we 
have already done, that they last summer reached, and are now 
wintering somewhere beyond Mackenzie’s River, but considera- 
bly short of Behring’s Straits ; and suppose that alter having 
resumed their efforts next summer, and prooeeded to some dist- 
ance, they should not be so fortunate as to nnd a channel lower 
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than Icy Cape, and t^eir attempts to pass that promontory be 
rendered fruitless by ice ; in the same manner as at the end of 
Melville Island, though there appeared to be no want of sea ; * 
and that they should in consequence be obliged to return the way 
they went : then comes a question, can they retraverse in half a 
season ; nay, perhaps, in little more than the mere remnant of a 
season, the space advanced in nearly three seasons ? 

This question we should hope may be settled in the affirmative, 
though there be some points connected with it which do not 
leave us entirely free from doubt. In Lancaster Sound, they 
sailed back in six days the distance advanced in six weeks, 
owing to the setting of the current from west to east ; so that if 
upon a more southerly parallel the current set in the same direc- 
tion, and with the same rapidity, we are unwilling to indulge any 
misgivings as to their ability to effect tlic run buck, and we sliall 
have the satisfaction of w'elcoming theni next autumn ; and 
though ever so unsuccessful, welcome them we shall ; for highly 
as we may be disposed to account the discovery of a north-west 
passage, we set an incomparably higher price on the lives of 
those who have gone in search of it. 

But let us imagine unexpected impediments to present them- 
selves ; severity of the weather, change in the direction, or 
increase in the quantity of the ico, a difference in the set or 
• swiftness of the current compared with that in Lancaster Sound, 
various localities, and other matters of which we can form no 
adequate idea, rendering it impossible for them to reach the 
Atlantic in the course of next season : then comes a serious 
question, Can they subsist for another or a third winter in the 
polar regions? Are they supplied with provisions, fuel, and 
clothing, for this purpose? In the former voyage, they were 
equipped for two vears, which, by the bye, was too short, and 
had nearly proved! so, and shows the calcufation to have been 
defective. For how long they have been this time equipped 
and victualled, we hinve not learned,*!* and, therefore, can found 
upon it no calculation. But if the supposition now thrown out 
should ultimately prove the correct one, it must be three years and a 
half from the time of their leaving this country before they can 
revisit the British shores, or obtain a fresh supply ; that is, it 
wilLbe, not next November, but November, 1824, before they 
come back. This is a long time for fuel and provisions to last. 
Under the impression that he might be compelled to winter a 
second time in Lancaster Sound, Capt. Parry put his people to 
a reduced allowance of every thing ; that is, to two-thirds of the 
usual navy allowance, a measure which led him to entertain some 
uncomfortable anticipations, regarding its effect on health as 
well as the effects of so long a deprivation of fresh animal and 

» Cook and Clerk found themselves opposed about Icy Cape by ice in July and 
August. 

•f It has been said three'years. 
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more especially of fresh ve<;*ctable alin|ent. The bad conse-- 
quences of a third winter, therefore, might be fearfully aug- 
mented, were there not reason to expect that the supply of game 
will be more abundant further south tlian it was in Melville 
Island. Cartwright, in Labrador, shot plenty of deer and bears, 
even in the depth of winter, long and severe though it was. 
There will be besides, somewhat less gloom and darkness, and 
altogether a shorter winter. There will, probably, too, be more 
of esculent vegetables, and we have the satisfaction of knowing, 
that Donkin’s preserved animal food, of which their stock must 
be abundant, undergoes no deterioration by any length of keep- 
ing to which it has yet been subjected. The article of fuel gives us 
more concern. One thing, however, is certain ; that from the skill, 
prudence, and resource, of the coininander ; and from the zeal 
and dovotedness of his followers, every thing may be expected. 
Thus we may still cherisli well grounded hopes that they will be 
able, inured to the climate as they must then be, in some measure, 
to withstand even a third polar winter, should it be necessary. 
And this will tend to relieve us (Vom much anxiety as to the 
preservation of their lives. 

The views already taken have gone upon the principle that all 
is to continue prosperous (CJod grant it may !), so far as respects 
their health, subsistence, and means of protection, against the 
rigour of tiie edimate ; and without taking into the account any. 
untoward accident. Hut let such occur, a deficiency in their 
resources from damage to tiie ships, injury to the provisions and 
stores, sickness disabling them from exertion ; what sort of 
predicament would they then be in ! What complicated mise- 
ries may they be made to endure ! It is possible, then, and, per- 
haps, not so improbable as could be wished, that, according to the 
fourth and last, and worst supposition of all, they may have 
been overtaken by some calamity; tVieir ships wrecked, or cut 
up by the ice; their stock of every thing wholly or partially 
destroyed; themselves thrust out with such means as the moment 
supplied, to iind their way over frozen wastes, in a climate 
destiuctive to everything that lives, save foxes, and wolves, and 
bears! From sucli a view% however distant, tlie imagination 
involuntarily recoils, and would ghuUy take shelter, if it could, 
in the brighter prospects already liekl out. But difticul ties. and 
dviuirers to be overcome must l)e looked, as our gallant heroes 
will look at them, full in the face. Some faint conception may 
be formed of sucli a situation from what ajipears to have 
befallen Capt. Franklin; with this dllfeience, that their hard- 
ships would be enhanced tenfold, inasmuch as they would be 
ignorant of the country, and unable to avail themselves of its 
resources. It is then not impossible but that,* in the course of 
the voyage, they may be plunged into this miserable state, per- 
haps at no great distance from Hudson’s Bay ; perhaps at some 
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station far remote, casting many a longing look in vain for help, 
and wasting under the accumulated horrors of cold, disease, and 
starvation ! This may be thoughtran overcharged picture ! Per- 
haps it is so. May it not turn out the true one ! 

Upon such a view of their situation, what does it become the 
duty of the country to do ? 

Whatever speculative enthusiasts may say in their closets of 
the national honour, maritime glory, eclat, and so forth, to be 
derived from the discovery of a north-west passage, the expos- 
ing of men’s lives to the greatest hazards for the attainment of 
such an object is at all times a matter of serious import. We 
know, indeed, that Capt. Parry and his companions went on this 
adventure upon their own sole responsibility, and with the full 
knowledge of its perils, for all are volunteers from the highest 
to the lowest,” says a journal of some authority, when speaking 
of the former voyage. Yet this requires qualification ; many 
circumstances may conspire to render a service strictly and 
severely compulsory, without the aid of the impress ; and at 
all events the fact takes nothing from the heavy responsibility 
resting on all who have charge and superintendence in this 
business. And this brings us at last to the main object of the 
present memoir. 

To use the words of a celebrated commander, England 
expects ” Capt. Parry and his associates to do their duty.” 
— They will do it ; — but they have a right to expect the coun- 
try to do its duty by them. 

When men are sent on an imminently dangerous enterprise, 
the least that the country can do is to evince a constant sensibi- 
lity to their condition, and to be forward in using every practi- 
cable means for their preservation, never losing sight of the 
maxim, that it is both wiser and more humane in such cases, to 
do too much than too little. 

We may be all but certain, that they are wintering for the 
second time in a high northern latitude, an act in itself not 
exempt from risk, even under the most favourable circumstances ; 
but under any disaster, dangerous in the extreme. What would 
have been the fate of Capt. Franklin and his party, had they not 
arrived when they did at the friendly post of the Iludson’s Bay 
Coriipany ? 

Let it not be understood for a moment that I am here putting 
forward these surmises as disheartening forebodements, calcu- 
lated to wound the sensibilities of relatives and friends. Such a 
design would be as base as the attempt would be futile. Besides, 
my hopes have always been strong, and will continue stedfast. 
But on behalf of our voyagers, I do frankly confess to a degree of 
anxiety, borderjdg on impatience and restlessness. Besides, I 
wish tne whole matter should be seen, that the country may be 
made thoroughly sensible of the greatness of the services which 
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these brave men are rendering in order tb at her honour may be 
promoted. Moreover, though it ought not to be doubted that 
every thing relating to this expedition has-been considered with 
the calmest and most mature deliberation, yet we have seen 
expeditions sent out, the calculations of which had for their basis, 
not the probabilities of failure, but the bare possibilities of 
success. Now success carries with it, or creates, its own 
resources, and may well be left to itself. I may remark too 
that, every other circumstance apart, the situation of Capt. Parry 
is one unprecedented in the histoiy of this country. It may 
well, therefore, justify a degree or provident care that might 
otherwise be accounted excessive. On the former expedition 
difficulties were met with that had not been anticipated, and 
in all undertakings of this sort, events occur which no Judg- 
ment can forecast. It is to prevent or to remedy misfortune, 
then, that precautions are to be taken; and the plan to be adopted 
almost suggests itself. 

Let dispatches be forthwith sent to the Governors of Canada 
and Hudson's Hay, and to the North-West Company, directing 
them to equip different parties of natives to go in search by the 
Copper Mine River, Mackenzie's River, and such other routes 
as may be thought expedient. Let them take out plentiful sup- 
plies of all kinds. Let the richest rewards be secured to themm 
case of success, and to their families (by way of encouragement) 
in case of disaster befalling them. The tribes who accompanied 
Hearne think little of travelling to the mouth of the Copper 
Mine River, and the esquimaux evidently migrate even beyond 
Lancaster Sound. Let each expedition (and we would forward 
twenty, if requisite) be accompanied, if thought proper, by one 
or two adventurous individuals from this country as a check to 
ensure their fidelity. The danger to them under the guidance 
of natives would be nothing. Such expeditions might be 
effected with ease and certainty in the course of one short spring 
or summer. Capt. Parry himself when discussing the subject 
of a north-west passage, expressly anticipates “ the chance of 
being enabled to send informatiou by means of the natives, and 
the comparative facility with which the lives of the people might 
be saved in case of serious and irreparable accidents t^ the 
ships." (Journal, p. 298.) 

The object being simply to seareh and obtain news, not to 
survei/ (and this is of some consequence), a great extent of 
ground may be gone over, and first rate scientific men are not 
required. Not an instrument need to be taken out, excepting, 
perhaps, a quadrant, or pocket compass, to determine latitudes 
and courses. Repeated expeditions have of late years proceeded 
to the mouth of Mackenzie’s River and the Copper Mine River 
in oursuit of less worthy objects. 

^Vhere too would be the harm of ordering out, this very spring, 



172 Mn JEdmonston c n the Situation and Prospects, S^c. [M a tic h, 

two or three small ships of war on different routes ; one 
to make for Sir Thomas Rowe’s Welcome, or Repulse Bay; 
another for Fox’s Farthest ; and a third to look into every creek 
and corner on the coast of Baffin^s Bay, as far even as Lancaster 
Sound or further ; though there be no great likelihood of the 
entrance being made this time so much to the northward. 

Why also might not the Davis’s Straits’ Whalers be encou- 
raged by a bounty to sail a few weeks earlier than usual, and to 
employ the time in exploring the coast all the way to the fishing 

g round ? In a word, suppose any thing and every thing to be 
one most likely to promote the great objects in view ; namely, 
the preservation of our dear country men and the character of our 
country. • 

Should the apprehensions set forth in this memoir be treated 
as chimerical, I can only express my hearty prayers that the 
event may prove them to have been so ; or should it be objected 
that the proposed measures would be premature, the time not 
having yet arrived when they may be called for, I reply, that 
it is not the time to send help when it is needed. Months must 
elapse before it can by possibility reach them, and months or 
weeks, nay days, are too precious when the time of their trouble 
comes. Every one will allow, at least, that the aid had better 
come too soon than too late ; and that hundreds of thousands of 
pounds had better be expended in superfluous precautions than 
that a single man should perish by neglect or delay. 

I trust that the department of the public service to wliich 
the management of all this afihir has been exclusively confided, 
is fully and feelingly alive to the duty which it has to discharge 
on this occasion. Nay it is by no means improbable, that the 
measures now suggested have long been in contemplation. 
Most unfeignedly snail I rejoice should this' prove true. But 
public boards cannot find leisure to attend to' every thing ; and 
i am so unreasonable as to think, that on such an occasion, 
we ought, if possible, to be prepared for all chances. We can- 
not forget that La Perouse miglit have been saved or heard of 
had ships been timely sent out in search, instead of waiting 
years beyond the extreme period allowed for the fulfilment of 
his instructions. But France was then in her political agony. 
For her, therefore, there was the appearance of excuse or pallia- 
tion. For us there can be iioue. But even as it is, the name of 
Perouse can never be uttered or thought of without feelings of 
the deepest sympathy, regret, and indignation. Besides, notliing 
satisfactory could be anticipated from the labours of those sent 
out under Eutrecasteaux ; for they were evidently more engrossed 
by their party squabbles, than with the noble object of their 
search ; and, ia, fact, when the commander died, they actually 
quarrelled on these paltry grounds, and separated. Again, the 
very character and mode of conducting the expedition were 
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sufficient to ensure disappointment. T1 eir purpose was, or 
ought to have been, searchy and nothing elsf ; to touch or look in 
every where ; to rest no where a moment longer than was indis- 
pensable. Instead of this, they were provided with naturalists, 
astronomers, geographers, engineers, and all the paraphernalia 
and instructions suited to a voyage of discovery; and conse- 
quently spent much of their valuable time in details foreign to 
that sacred duty which should have occupied their sole and 
undivided attention. And to crown the wnole, the two ships 
were dispatched together ; instead of tiiking separate routes, by 
which the chances of gaining their object would have been at 
least doubled. However, not to dwell any longer on the mis- 
takes of our neighbours, let us endeavour to profit by them, and 
above all, let not the bitter reproach lie against this country of 
having left undone that whicli she ought to have done.’^ 


Article II. 

Astrononfical Ohservafions, 1822, 1823. 

By Col. Beaufoy, FRS. 

Bushey Heathy near Sianmore. 

I^alitudc 51*^ 44 North. liongitude M^est in time I' 20*93", 


.Jiirii 22. Emersion of .Jupiter’s second C 6^* 4fi' 39'0" Mean Time at Bushey. 

satellite J 0 48 00 '0 Mean Time at Greenwich. 
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, M('rnvran(litm , — The greatest degree of cold last month at this place was 16*^ below 
freezing, and this occurred on the morning of the 2(Hh. 

On the 19th, when the thernion’ctcr here stood at 17^^, it sunk at Bushey Grove, 
the scut of David llaliburton, Esq. to zero. Bushey Grove is about 200 feet lo\^crthan 
Bushey Heath. 
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Barometer. 

Highest, Feb. 27. Wind, N *. 30-5800 

Lowest, Dec. 2. Wind, SW .% 29-0780 

Register Thermometer. 

Highest, June 5. Wind, SE 84® 

Lowest, Dec. 16. Wind, NE 26 

Register Thermometer in the Sun. 

Highest, Aug. 21. Wind, ENE 101 

Lowest, Dec. 16. Wind, NE 26 

Common Thermometer. 

Iligliest, June 5. Wind, 8 E 83 

Lowest, Dec. 20. Wind, NE 28 


Wet diiys comprehend rainy, showery, snowy, and those in 
which there was a i’all of hail. 

]\ly pluvianieter is situated on the top of a cliimney, 3f) feet 
above the ground, and free 1‘rom the operation of any local cir- 
ca iinstances. 

Jnnnarij . — The winter has been remarkably mild ; no snow, 
and only a few showers of hail and sleet, which were dissolvecl 
as fast as they foil. The last 24 days of this month, the barometer 
stood uniformly (one day excepted) above 30 inches. If the 
addition for the elevalioii of the barometer was made, the last 
27 days of the montli, the mercury stood above 30 inches. 

Fehruaiy and March. — These months also were remarkably 
mild. Only one day on which we had any frost. 

April. — This month was rather stormy, willi many Iiail 
showers. 

May. — This month was remarkably fine ; many days exces- 
siv(4y hot for lliis season of the year. 

June, — A very line month. Heat very oppressive, particularly 
on the bill. 

July. — More rain in this month than has ever before been 
recorded, being 19 days rain. 

August and September. — Generally speaking fine months# 

October . — V^cry stormy on the 7th and 8tli ; wind from tjie 
SW. 

November. — Several days in this month particularly rough ; 
blowing very strong on the 23d, 24th, 25lh, and 28th. The lat- 
ter day was attended with very sudden squalls, raging to aperfect 
liurric.aiie, and in a minute subsiding, to be renewed with equal 
violence. On the evening of this day, there was a very beautiful 
lunar rainbow. 

December. — Generally speaking very mild. A few days sharp 
frost, with gentle wind : 23 days ot this month, making the 
jiroper addition, the barometer stood more thim 30 inches high. 
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N. B. A« my house, or rather the site of my barometer, is 
situated 105-9 feet abi)ve the sea level, it must be necessary to 
add 0-104 inch to all the barometrical heights in the foregoing 
tables for the correct heights of mercury. The tables contain 
the means of three daily observations; viz. 8 p.m. ; 1 a. m.; 
and 10 a. m. The most prevailing wind of the 24 hours is only 
given ; and the register thermometer placed in the sun is insu- 
lated six feet from any thing capable of reflecting heat, and the 
scale of it is mttrked on the glass tube itself. 

IleUlon^JanA-, 1823. M. V. MoYi.E. 


Artici.e IV. 

Fjssai/s on the Construction of Sea JJurhoitrs. 

By Mr. J. B. Longmiie. 

(To the Editor of the Annals of PhilosopJn/.) 

SIR, tVhHeliaven-i Jan^ 9, 1823. 

This subject being new to the public, you may deem the 
following essays worthy of insertion in the Knnah^ more espe- 
cially as you occasionally have papers in it on civil engineering. 

The matter under consideration naturally falls under two 
parts ; namely, entrances into sea harbours ; and the situations 
and relative positions of the piers of such harbours. 

1 . Of Entrances. 

All entrances into sea liarbours may be classe<l under two 
heads : in the first, they fac(* the sea, and admit the surf;* and 
ill the second, they face the calmest quarter, while the surf 
passes to the lee shore without entering the harbour. 

In constructing a harbour to make a proj)er entrance is a very 
important task ; as a harbour that is safe within loses much of its 
value, if not accessible in every wind that a ship can approach it 
from the main ocean. 

Before describing the theory of entrances, it is necessary to 
show liovv vessels approach a harbour in different winds. A sliip 
can sail best with the wind, and her course to any object to the 
leeward is in a straight line ; and although she cannot sail 
directly against the wind, she can either reach or pass any 
object to the windward, by making alternate approaches, which 
have angles of 6-^ points, or 73"^ 7' 30", with the wind : this is 
called tacking. When a vessel is sailing with the wind from the 


• The surf is a term applied to express the state of the sca^s surface near the shore 
in a high wind, or in a gale ; and signifies the rapid succession of great waves that pass 
to and strike tlie shore. 
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north point, having her bowsprit N, 73° 1' W, she is on the 
starboard tack ; and on the larboard taclq^ if in the same wind, 
lier bowsprit point N, 73° 7' 30'' E. Thus if a vessel sail along 
the line ce, fig. 1, tor/, the wind • 

blowing in the direction g r/, ! ^ 

she is on tlie starboard tack, 

the line d e making an angle ^ O b 

of 73° 7' 30" with the line g r/ ; ^ 

and for the same reasons, in 
the same wind, she is on the 
larboard tack, when sailing 



along the line h a. Hence by cl F. 

sailing with the wind, or by 

tacking, a vessel can pass ^ 

liom any one place to any 

other ; and of course in one way or the other she approaches a 
harbour. 


As that entrance which presents itself to the open sea, and 
admits the surf, can be passed by vessels in all winds ; and 
easier in any wind than the other kind of entrance, 1 will first 
treat of it. Let 1>, lig. I, be this entrance into the harbour E; 
-I) the (>i)eii sea; A C two piers formiiug the exterior wall oi'the. 
]iar])our ; A / a line passing througli the middle of the piers ; and 
^ a I' another line at right angles to them, and in tl\e middle of 
the entrance meeting with the line h i. Now^ the wind blowing 
in the direction g d is the most a<lverse to a ship ap))roaching the 
emtrance H from the open sea; and, as belbre shown, ha and ca 
are the lines of aj)proach for this wind. "J'liese lines h a and v a 
make an angle of 13 points, or 140° lo', with each other; and, 
being the larboard and staiLoard tacks for ilie most contrary 
wiiul, they have within them all the necessary lines of approacli 
tor winds from all ])oints of the compass ; and tlie htirhour E 
liaving in front of its entrance 13 points, or 140° 13' of clear 
sea room, is accessible in any wind whatever, 

'I'lic directlv contrary wand, and wands within a point on each 
sid(‘ of it, would l)e in gales the worst of all to caiter with ; but, 
that canning from llie adjoining land, tliey have not s])ace to 
raise a liigh sea lU’.ar the harbour ; otherwise a vessel in attfiiupt- 
ing to eiiUa’ against a gale out of the haiLour-mouth, would, fo a 
c.catainly, l)e (Iriven out to sea again. 

Vessels passing • througli entrances of this kind can in all 
winds take shelter within the pier-heads watliour any assistance 
iVom harbour boats to draw them into tlie entrance, and in gales 
from any quarter are not, as in entrances of the (Aher kind, in 
danger of being driven on the lec shore, provided they are in a 
good sailing condition and come to the proper place to make the 
entering tack in side winds. Ent if vessels arriving in distress 
by violent storms, by negligence, or want of local knowledge of 
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the commanders, miss the harbour altogether, the loss in conse- 
quence is not chargeable upon the entrance. 

Entrances that face the calmest quarter, and that do not 
receive the surf, are at 


right angles, or nearly so, 
to the main shore. l-.et 
A, fig. 2, be such an en- 
trance to the liarhoni B, 


facing the high slu)r 


e o ix 


and 

The 


a f) is the mam pier, 
it tfi the inner pier, 
exterior lines of approach, 
e by c by are obtained liy 
ulhjwing such space in 
front of the shore (t I y i I:, 
and g hy as will keep ships 

sailing on these linens from rocks and shallow vraler 



and if they 


have within them 140'^ 15', then a vessel can reach the pier- 
head b in any wind. But as the side r is open in strong sea 
gales, vessels are some times carried too far past the head />to 
turn into the harbour-mouth A ; and the same hajipens in gales 
out of the harhour-mouth A : vessels so driven aside arc forced 
upon the contiguous rocks or sandy shore, and are destroyed or 
much injured. So it has happened after an entrance of this 
kind has been tried to a large harbour, and where money could 
be obtained, tliat outworks have been erected on the exposed 
side c, which assimilate the princijile of this entrance, when so 
modified, very closely w ith that of the tirst kind of entrance. 

1 am. Sir, yours,. 

.1. B. L()N<; m iHi:. 


Article V. 

On the (icology of Devon and Cornwall, 

By the Rev. J. J. Conybeare, MGS. 

(To the Editor of the Annah of Vhilo^ophy,) 

MV DEAR SIR, Bath Eastoiiy 

Tll K notice of such geological travellers as first visited Corn- 
wall and Devonshire was of course most strongly attracted by 
those which may bo termed their metalliferous districts, and 
these still do and must always continue to present the most 
immediate and intercisting objects of such research. Soon also 
the attention was directed to such points of the coast as are 
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distinguished either by the magnificence of their scenery, or the 
extent of the sections and singularity clf the plienomena which 
they exhibit. Many and valuable as the contributions to the 
geological history of both counties have unquestionably been, 
yet our knowledge of their structure (especially in the case of 
such districts as do not fall under the above-mentioned heads) 
is by no means so perfect as to preclude even in a casual visitor 
the hope of adding soinewliat of information to the present 
stock. It may bo useful too to point out the deficiencies which 
yet remain to be supplied by those who have better opportunities 
and leisure. Such is the object of the following memoranda 
collected chiefly during tlie summers of 1809 and 1812, and 
partly verified in that of 1819. On many points they are of 
necessity very imperfect, and some parts of the original manus- 
cript hav e been omitted in consecpieiico of the same phenomena 
having been far more accurately and fully described in the essay • 
contiibutod hy Mr. Sedgwick to the first part of the Cambridge 
Pliiloso])hical Transactions. What is retained, I have arranged 
for coiiveiiieiicc’ sake geologically, rather than topographically; 
and in this arrangement I venture to propose the following divi- 
sion of the principal rock masses us one which, if not strictly 
sci(;ntilic, will yet, 1 think, l)e found usefid for the purpose. 

J. Granite, including some porphyritic beds and jnineral 
veins, and shorl rock. 

2. Metalliferous, or, more strictly, cupriferous and stanniferous 
slate, including various porpliyritic and felspathic rocks (elvans), 
and occasionaily greenstone. This I will venture Ibr brevity's 
sake to term the inferior state. 

3. Slate (which I shall venture for tlic same reason to term 
superior)^ containing no elvans, but abounding iiiucli more in 
greenstone, esjAu ially in its obscurer varieties, and in dark 
coloured limestones. Sparingly metaJliferous, containing no tin, 
and nio)>^ productive of lead than the inferior. Contains occa- 
sionally organic remains. 

4. Stratified rock, exhilnting the general character of a con- 
glomerate or sandstone, alternating with tender slatv^, and 0 (*ca- 
sionally associated wath coralline or sludly limestone. Conlaijis 
jio metallic veins, and few if any rocks of the grocTnstone 
species. This rock might, perliaps, bo regarded as forinin*g the 
upper portion of No. 3, vind both would probably by most geolo- 
gists bo termed greyvvacke. As any attempt at restricting tliat 
term might produce confusion, I shall venture for the present to 
term this (No. 4) sand slate.'-^ 

* It is, perliaps, almost nec«lless to rcniiml tlu^sc who arc practise d in ^;eologieal research, 
that tile division of slates here adopted is purely arbitrary, and, for convenience, as the 
inferior do in fact pass by so imperceptible a gradation into tlTc superior as to render it 
impossible to assign any determinate limits to each variety, liowever an examination of 
points distant iiiU r ac may satisfy us of their characteristic diflerence. It appears to be 
pretty generally agreed that such a gradation is obserY^ible in most of our schistose 



186 Jlev.J.J.Conyheartonthe [Mahcii, 

1. Granite , — The character of this rock is, so far as I am 
acquainted with it, remirkably uniform through the whole extent 
of its range. That of Waterloo Brieve may serve as a specimen.* 
Near the points of junction with the incumbent slates, it occa- 
sionally becomes small grained, and of a redder hue, resembling 
the granite of veins. Examples may be found at a junction near 
Ivy Bridge, at Buckland on the Moor, above Belslone (near 
Okehampton), and near Bovey Tracey at the spot which produced 
the fine specimens of tourmaline and apatite. As noticed by 
Mr. Sedgwick in these cases, there appears to be a diminution, 
sometimes a total loss, of the mica. The predominant variety of 
granite contains also in many places patenes of a smaller grain, 
generally of a form more or less spherical. These differ so much 
in their aspect from the general mass, that, by a casual observer, 
they might be taken for imbedded portions of another rock ; a 
more accurate inspection will soon show that this is not the 
case, even in those instances in which (as near St. Just) the 
predominance of dark coloured mica or chlorite in these patches 
gives them much the aspect of a kind of gneiss. Other instances 
may be found near the Land’s End, near Moreton Hampstead, 
above Henoch, and on the road leading from Bovey Tracey to 
the depot of tourmalines, &c. already mentianed.+ 

I'he disintegration of granite in situ, as exhibited on a large 
scale at the porcelain clay pits in St. Stephen’s, and the optai 
mine of Curglaise,:{: near St, Austel, has been often noticed. 
Another large tract of the same character will be found on Dart- 
moor, in the neighbourhood of aliaiiilct termed (from the nature 
of the soil thus proilucod) Sandy Bark. Other partial instances 
occur, and the granitic tors, the formation of which has been so 
ably illustrated by Dr. Macculloch, afford abundant proof that 
the action of the causes which produced this phenonienon has 
been at some time or other nearly uiuversal.§ It has, 1 believe, 

• See Sedgwick’s paper (p. 10). It may here be noticed that the constituent 
minerals of granite arc seldom found in the west (as in many similar tracts) distinctly 
or separately crystallized. '£\\c imbedded crystsiX.^ of felspar have been noticed by Mr. S. 
and others. 1 found it crystallized in rhombs in small cavities on St. ^Michael’s 3Iount, 
and in small rhombs and in larger crystals of a more complicated form at tlie tourmaline 
pit near. Bovey Tracey. I have also from Cornwall, but without the exact locality, two 
specimens of perfectly crystallized mica, the one a rhomboidal, the other an hexagonal 
tablet* Both are in a small grained reddish granite (possibly an clvan), the aspect of 
which does not resemble tluit of the specimens brought from Scilly by iSIr. IMajendie. 
1 may add, that on St. Michael’s Mount, I observed in a highly fclspatlnc portion t»f 
tlie granite insulated crystals of felspar rendered as tender as the .softest clay by .some 
process of decomposition which had not aflected the imbedding mass. 

f JVIr. Sedgwick mentions tlie same phenomenon as observable near Castle Trereen 
(the Bogging Hock) : to his remarks I would refer tiic student for much fuller inform- 
ation. 

It is, perhaps, hardly worth while to state, that the finest porceljiin clay which I 
obtained in CornwaU was from a vein in Carglaise. It occurred in very small ij[uan- 
titles. 

^ Air. Taylor (Report, p. 1 ) affords an interesting iUustration of one result of this 
process. If the ground, 80 fatlioms south-east of Carn-brae, and at Wheal Druid, 
had not been i>cnctratcd by die mines, it is very possible tliat the whole of it extending 
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been noticed, that these disintegrated tracts exhibit frequent 
patches of various dimensions retaining their original compact- 
ness. It would be a point of some gemogical interest to ascer- 
tain, as accurately as circurAstanccs pewnit, the extent to which 
this disintegration actually obtains, and to enquire whether the 
tracts in question exhibit any phenomena which might guide our 
speculations as to its probalile cause. That that cause is not to 
be sought in the mere superficial action of weather and moisture, 
we may, I think, argue from the great depth to which (as at 
Carglaise) the disintegration is found to extend. I have heard it 
suggested, that this state of granitic rocks is to be regarded 
ratlier as the mode of their original Ibrmation than as the result 
of causes acting subsequently. This hypothesis, however, seems 
hardly reconcileable to the appearances presented by Carglaise. 
♦Some may, perhaps, incline to view the phenomenon as analogous 
to the disintegration which is known to obtain largely in crystal- 
line rocks forming acknowledged dykes,* and to these it may* 
a|)pear to countenance the theory which attributes to granite an 
igneous origin. At all events, this species of decomjiosition 
seems for the most part peculiar to rocks ol* a crystalline struc- 
ture. In some cases, if my observation be correct, the granite 
is traversed by porphyritic dykes, or elvans, similar to those 
occurring in the slate. I noticed one (in company with Mr. 
Buckland) in 1812 on the summit of Kitt Hill, near CalHngton. 
In some eases too the saalbande, or wall of metalliferous veins 
traversing the granite, appears to be of this class. At Beau 
Mine, about one mile east of Roche, the surrounding comtin/ is 
granite of the usual aspect; while the walls of the tin lode which 
are of considerable thickness have all the character of an clvau 
dyke, the paste of which is chiefly quartzose witli a mixture of 
mica, talcite, felspar much disintegrated, and crystallized shorl, 
the tin occurring in veins with shorl towards the centre of this 
el van (the veins occasionally send out small lateral branches at 
various angles), the elvau itself is said to dip three feet in the 
fathom, and in its general character much resembles some of 
those found to the cast of St. Agnes. The same inclusion (if I 
may so term it) of a metallic vein by a rock diflering from the 
surrounding granite I recollect to have noticed also INTew- 
bridge, and in the Gwennap cluster. It would be desirable to 

to a much greater distance from the top of the hill, would have been taken to he granite, 
as ihe surface has every appearance of a growan soil intermixed with granite stones ami 
rocks plentifully scattered about. The same has been observed on the sides of Cam 
Marth and other granite hills bordering on the Killas country.” We were assured that 
at Newbridge they had sunk above the granite country in a mass of granitic rubble with 
occasional blocks of killas intermixed to the depth of nearly liO yards, and abo/e the 
killas country in a rubble of that rock with a small admixture of killas to about half that 
depth. 

* See IVIr. Henslow’s Account of Anglesca. (Cambridge rhilosophical Trani^ac* 
tions, Part II.) 
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ascertain how far this is the case in veins which traverse 
granite. 

At Kit Hill above-mentioned, at Carglaise, and at some other 
places, we were assured by minefs apparently of competent 
information, that the granite did in some places overlie the 
killas. In these instances, it is possible that granitic dykes may 
have been mistaken for the central mass, or that our informants 
might have been misled by some of those deceptive appearances 
which are familiar to most geologists. Mr. Taylor, in his excel- 
lent Survey of the Mining District, mentions an analogous fact, 
and his observation is too important to be omitted. In Dol- 
coath and five other mines situate near the junction, the strata 
of granite and killas appear alternately {weriyin}f carh other, the 
divisions between them being at various inclinations but sulli- 
cient inforinatioii cannot be obtained to state with accuracy the 
particulars.’’!^ 

On tlui subject of granitic veins, my memoranda afford 
nothing which can add to the copious and masterly observations 
of Mr. Sedgwick. 1 may mention, however, that the country 
near the junctituis of Cai n -brae, of Kit Hill, of the upper part of 
the river Okement, and of some other spots of the san;e clia- 
racter,;}: will afford the collector hand specimens well calculated 
to illustrate oii a small scale many of the jihenomena which pre- 
sent themselves so fully and magnificently at the clilFs of Tre- 
wavas and Polmear. 

It may here be noticed, that the mineral substances conlinf'd 
to the granite (or rather not yet discovered in the superincum- 
bent rocks also), are few in number. Apatite, piiiite, andaJusite, 
and, I believe, uranite, at present complete the lis^ 

S/iorl Hock, — This binary compound, too generally known to 
need any description here, is usually foundon the confines of the 
granite in sucli large masses as to render us doubtful what name 
to assign to them. Indeed our geological guides have not as 
yet furnished us with a very definite or accurate terminology for 
the purpose. What one observer would describe as a large dyke 
or patch, another would, perhaps, elevate to the dignity of a 
formation, lluche has been constantly noticied as presenting a 
magnifveent display of this rock ; and Mr. Sedgwick mentions 
it as occurring in veins traversing the granite between Lemorna 
Cove and the Land’s End (p. ID). I have observed it on the 
large scale forming the vvliole ol* the tor named Cam Mewan, 

* Therefore, if there is any pariaielisni in the stratification of the killas, the granite 
must be considered not as an alternation bvit a vein. At Dolcoath, the floor of granite 
is said to be nearly horizontal ; most of the killas in the neighbourhood is, if I do not 
err, considerably inclined. (^See Thomas’s Report, p. 34 .} 

+ Mr. Sedgwick appeals to have determined this point as far as our present means of 
examination permit. (I*. *14.) 

J ^Ve obtahicd yonic liiglUy illustrative at Costellow’s Mine, near lioclic. 
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near St. Aiistle, and of another tor (the name of which I have 
lost), overtopping the upper road, whi<|h leads to Buckland on 
the Moor. If my iiiemory does not fail me, I observed it on a 
scale equally large in more \han one other spot on the Cornish 
Downs, and on Dartmoor; but I either neglected to mark at the 
time, or have since mislaid tlie exact localities. 1 would venture 
to recommend to the examination of future tourists two points 
connected with this rock. 

1. Whether some other of the tors on the confines of ihe gra- 
nitic tracts (besides those specified) do not consist of short rock. 
From its external (ionfiguratioii and neighbourhood to the 
granite, it may be easily confounded with that rock until exa- 
mined more closely. 

2. Is it possible from the careful examination of Ihe country 
surrounding Roche Ifocks, to ascertain whetlierthat roinarkahle 
cuni lienee lias been produced by the disintegration and washing* 
away of some less durable beds which once enveloped it? or 
whetlier it may ])c regarded as an original inequality of surface ?'^' 

Most of the varieties of ( xtcrnal ajqiearaucc produced in this 
vot'h by the diilerenl modes of aggregation, liave ]>een enume- 
rated ]>y Mr. Sedgwick (p. LS). 'fo his list, I am enabled to 
add, as Nos. 5 and (), 

5. Alternate layers generally of great tenuity, of very minutely^ 
granular (piartz and sliorl, liaving all the aspect of a stratified 
mass. 

(). Real or pseudo breccia consisting of small patches of 
compact shorl imbedded in quartz, or vice versa of quartz iinljed- 
ded in shod. 

These varieties occur in the neighbourhood of the crystalline 
and more predominant form. No. 5 appears to oiler "another 
exeuiplication of a law, wliieli I believe to obtain pretty gene- 
rally, that crystalline rocks when tliey occur in large masses 
are most usually accompanied by schistose rocks composed of 
llio same mineral ingredients in a state of greater alternation,’^ 
To the verification of tiiis law, I would venture to solicit tlie 
attention of those Avho join a knowledge of mineralogy and 
chemist ry to that of geology. The establishment of its probabi- 
iity might lead to some important theoretical results*. Nor 
slioiild I omit to mention, that the varieties of shorl rock above 
noticed arc peculiarly interesting from ihe exaiiq>les wliicli they 
afibrd, even in hand sjiecirnons, of the various phenomena of 
configuration incident, to rocks of the schistose cliaract(;r. I'he 
niaikcd distinction of colour and aspect t'xisting bot\vcx*n lluj 
two constituents (tourmaline and quartz) render tliese very strik- 
ing and intelligible. Even the very small collection which I 
possess myself, oilers within the scale of a 'few inches highly 
instructive examples of contortion, dislocation, crossing, and 

* I wouia sii<3;gcst a like* examination of twt) .sinf-iul^rly insulated masses of rock 
occupyinj' oppo:5itc isklcs of i\, ravine near Caiiielford, kno’vu by the name ol tlie Devirii 

JjCcip. 
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heaving of veins. Neither this, however, nor my observations, 
are sufficiently extensive to justify the theorizing, with any con- 
fidence, on the subject. As far as 1 can conjecture, the appear- 
ances ottered by my own specimens would be most readily 
accounted for by an hypothesis which should admit, 1. That the 
laminated arrangement of the rock is not in all cases the result 
of successive depositions. 2. That disturbances have taken 
j)lace subsequently to the formation and contortion (if these 
be not synchronous) of the laminm. 3. That at the period of 
these disturbances, the degree of consolidation varied in dilFerent 
portions of the mass. I would, however, conclude by strongly 
recommending this rock to the more accurate examination of 
future travellers ; and am, dear Sir, very truly yours, 

J. J. CONYUEAIIE. 


Article VI. 

On Ihilchetinc, By the Rev. J. J. Coiiybeare, MGS. 

(To the Editor of the AnnaU of Philosophy,) 

3MY DEAR SIR, Bath F.aHon, Feb, 10, 182:^. 

I HASTEN to acknowledge that a perusal of Mr. Braudels 
elementary work on Cliemistry (which has only of late fallen 
into my hands), has shown me that I have been anticipated by 
that gentleman in the examination of the mineral substance 
which I ventured to name haicheliney and which is enumerated 
by him under the varieties of bitumen, as mineral adipocirc, 
Mr. Brande’s work was published, I believe^ early in 1821 . My 
own experiments, made the autumn before, were transcribed for 
the Annals in the January of that year. Strictly, therefore, I 
have to apologize to your readers only for the second of my 
communications (the short note appended to the examination of 
mumia), which an earlier perusal of Mr. Brande’s work would 
certainly have caused me to suppress. Allow me to express my 
satisfaction, that the examination of the substance in question 
has fallen into better hands than my own ; and that my opinion 
as to its specific difference from every other known variety of 
bitumen is corroborated by so competent an authority. With 
Mr. Brande\s permission, however, I would still contend for the 
superior propriety of the name hatchetine, both for the reason 
formerly assigned, and from the feeling that it is rather desirable 
to banish from our nomenclature all such significant names as are 
not indicative of some actual property of the substance to wJiich 
they are applied. 

Believe me, dear Sir, very truly yours, 

J. J. CONYJJEARE. 
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/ 

ANNUAL R^^SULTS. 

J3arometer. 

Ijiclics. 

Highest observation, Feb. 27. Wind, NW o0*70() 

LowCvSt observation, Dec. 5. Var. and tempestuous .. 28*050 

Range of the mercury 2*050 

IMean annual barometrical pressure 20*703 

Greatest range of the mercury in December 2*000 

Least range of the mercury in June 0*070 

Mean annual range of tlie mercury 1*360 

Spaces described by the mercury 85*850 

Total iiuniber of changes in the year . lOo'OOO 

S i x^s 'Thermomel cr . 

Greatest observalion, June 5. Wind, variable 8 J*()00® 

Least observation, Dec, 28. Wind, 8E 25*000 

Range of the mercury in the thermometer 5>0*000 

Mean ,amiual temperature. • • d8*90l 

Gve*atest range in June 42*000 

T..east range in January and December 20*0()0 

Mean annual range * 29*000 

Winds. 

Days. 

North and E*ast 55*000 

North-east and South-east 76*000 

South and West 80*000 

South-west and North-west 120*000 

Variable 34*000 

Rain. 

' Inclic?!, 

Cu'catest cpiuntity in July 6-000 

Least quantity in December 1 *^80 

Total amount for the year * 37*100 

Ohservaiions. 

P) ‘cssure . — The greatest range of the mercury, which is nearly 
that for the year, took place in December, and notwithstanding 
the amount of rain, the spaces described in inclics, and tlie num- 
ber of changes in Hie direction t)f tlie column, are less than 
usual; while the mean is higher than for some time past. 
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Temperatures . — ^The mean temperature for the vcar just 
elapsed is higher than that of the preening one. The months 
of April, May, August, September, and December, were consi- 
derably warmer in 1821 than the corresponding ones of last year; 
while the three first months, and June and July, are as much the 
reverse. The means of October and November in both periods 
are nearly alike. 

Rain.— The amount of rain exceeds that of last year upwards 
of eight inches, and is the wettest we have had since 1810*. The 
greatest monthly quantity fell in July, attended on five succes* 
sive days with most tremendous thunder and lightning. 

1 am. Sir, your most obedient servant, 

ISTew MaltOHy Feb, 5, 1823. J. StOCKTON. 


Article yill. 

Ott HannihaVs Passage through the Alps. 

By Thomas M*Keever, MD. 

(To the Editor of the Annals of Philosophy.^ 

SIR, 

Hardly any passage in the writings of Livy has been more 
frequently the subject of comment than that in which Hannibal 
is stated, during his celebrated and interesting march through 
the Alps, to have efl*ected the removal of a large cliff, which 
impeded the progress of his army, by means of the joint agency 
of lire and vinegar: 

As the particulars of this very remarkable event may have 
escaped the recollection of some of your readers, it may not be 
amiss to mention a few of the leading circumstances. Livy 
informs us that Hannibal having, after a series of the most 
frightful difliculties and dangers, reached the summit of the 
Alps, rested there two days, in order to recruit his exhausted 
troops : that he then commenced his descent, but had not'pro- 
ceeded far, when he came to a projecting cliff of great height, 
which completely obstructed his further progress. Having in 
vain searched for‘ a more convenient route, he at length deter- 
mined on levelling this formidable barrier, and for this purpose 
ordered a number of large trees to be felled, and placed in a pile 
at its base : they were then set on fire, and in a short time (the 
wind prov ing favourable), so intense was the action of the heat, 
that the solid rock became as red as the blazing fuel with whch, 
it was surrounded. Hannibal now thought of applying a quan- 
tity of vinegar to its surface, which, it is asserted, had the effect 
of softening its substance, and in this way a*passage was spee- 

Neio Series, vol. y. o 
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dily opened, by which his army with their elephants and baggage 
were enabled to nroceed. 

Some writers aave contended that the action of the acid was 
the principal, if not the sole agefit in producing the effect here 
described ; others suppose that the soiic rock was actually fused, 
by the intense action of the fire on its surface ; while another set 
of commentators, from the difficulties attendant on its explana- 
tion, consider the whole statement as an idle fabrication, for 
which the author had no foundation whatever. As, however, 
the entire process may, I conceive, be explained on plain and 
obvious principles, I can see no necessity for calling in question 
the accuracy of a writer, who “ for probity, candour, and impar- 
tiality, has been so much distinguished above every other histo- 
rian.” The difficulty of procuring in those wild retreats a suffi- 
cient number of trees for making a huge pile such as Livy 
describes, has been advanced as one of the principal objections 
to the statement of this historian. We are to consider, however, 
that although this objection might apply to the very summit of 
the Alps, where vegetation is nearly, if not altogether, sus- 
pended : it is by no means applicable to the sides or skirts of 
those mountains, which all travellers, and among the rest Poly- 
bius, agree in describing, as being in several places clothed with 
large woods. We are also to bear in mind, that the various 
passes through those sequestered regions, run, not across the 
ridges or summits of the mountains, as some have supposed, but 
that they are conducted through many defiles, and were pro- 
bably traced out by paths that have served from time immemorial, 
as means of communication between the fertile valleys that lie 
interspersed up and down the windings of this immense chain.'^' 
Now as it can be satisfactorily proved, from the testimony of the 
two principal historians who have recorded this memorable 
march, that Hannibal never reached the very summit of those 
dreary solitudes, but that he merely ascended to the top of one 
of the lesser ridges, it is obvious that he could have had no diffi- 
culty in procuring any quantity of fuel that he might have 
required. In proof that Hannibal never attained the summit of 
the Alps, it may be observed that Polybius and Livy, although 
they ditfer materially as to the route which the Carthaginian 
general took, agree in stating, that, having completed his 
ascent, he conducted his troops, exhausted and broken down 
with the innumerable hardships they had encountered, to a con- 
venient spot, where he pointed out to them the rich and fertile 
plains of Italy as the reward of all their toils and privations ;+ but 
had Hannibal ascended to the upper range of the Alps, it is 
altogether impossible he could have indulged his army with such 
a cheering prospect ; lesser mountains would have intercepted 
their view ; and instead of smiling luxuriant plains, an immeasur- 

• See Eustace’s Classical Tour through Italy, vol. i. p. \2. 

f See llodk’s Roman History, vol. ii, p. 126. 
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able expanse of desolation must have met the eye. Besides, it 
niay be asked, is it at all probable that Hannibal, while travers- 
ing an unknown and savage region, where every object, clothed 
with the dread magnificence of heavien, was calculated to 
excite feelings of astonislmient and terror,* would attempt to 
deviate from the ordinary passes pointed out to him by expe- 
rienced guides : he must have felt convinced that inevitable 
destruction would be the consequence of such a rash unjustifiable 
proceeding. 

The improbability of Hannibal having at hand a sufiiciency ol 
vinegar to effect the decomposition of the rock, has also been 
brought forward as an insurmountable objection to Livy's account 
of this achievement. Although I am fully satisfied that the 
action of the vinegar had no share whatever in accomplishing 
the destruction of the cliff, still I see no absurdity in supposing 
that a Carthaginian army should have been supplied with a con- 
siderable quantity of ibis liquid. Several historians inform us, 
that, from a very early period, vinegar aiul water constituted 
almost the sole drink of the military during their long and 
fatiguing marches : thus Ceasar, on one occasion, while conduct- 
ing his troops through the Alps for the purpose* of encountering 
a branch of Ponmey's army, then in Spain, under the command 
of Afraiiius and Petieius, is described as having supported them 
for several days, principally by means of this simple beverage ; 
and Ch’evier, in his History of the lioman Emperors, tells us, 
that the Eiupevor Severus had altogether proscribed the use 
of wiiK', which had for some lime crept in among his soldiers, 
and reduced them to vinegar and water, winch foiiued the com- 
mon drink of the military in ancient times. ’ 

Having thus briefly stated such arguments as have occurred 
to me in sn])pori the credibility of Livy's stateuient, I proceed 
to explain in what maimer I. conceive this important undertaking 
to have been accomplished. 

Water, it is well known, will insinuate itself into the minute 
pores and crevices of the most solid bodies, and being expanded 
by variations of temperature, is capable either of rending them 
asunder, or of detacliing portions from their surface. Expansion, 
as is well know n, may take place in this liquid from two opposite 
causes, an increase or a diiniuution of temperature ; that very 
remarkable enlargement of volume which w ater undergoes during 
congelation, is capable of producing very powerful effects, and 
enables us to explain a number of interesting phenomena. The 

* Nullum ver ustj^iuim, nullinue a'statis honores ; 

Sol jugis habitat diris, setlesc^ua tuetur 
Perpetuus def oviuis hyenis ; ilia undique nubes 
liuc atras agit et mixtos cum grandiiie nimbus. 

Jam cuncti Hatus, \en1i4ue furentia regna 
Alpiaa posuere donio, caligal in aids 
Dbtutus saxis, abeiiiitque in nubila monies. 

• CSiK Ital. lib. fj.) 
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Florentine academicians were enabled to burst a brass globe, the 
cavity of which was an inch in diameter, by means of this expan- 
sive power, and calculating from the tenacity of brass, anc the 
thickness of the sides of the globe, this must have required a 
force exceeding 27,720 pounds.* Vast masses of rock are from 
this cause frequently detached from the cliff's, and precipitated 
with great velocity into the adjoining valleys. The rending of 
trees in northern latitudes during the winter months, the bursting 
of water pipes, the raising of pavements, the increased fertility 
of the soil after frost (owing to the facility with which the deli- 
cate fibres of the roots of plants are enabled to extend them- 
selves), may all be referred to the same principle. The expan- 
sion which water undergoes at elevated temperatures is, however, 
still more considerable, and is capable of producing the most 
astonishing effects. When heated to 212^ of Fahrenheit, at 
the mean pressure of the atmosphere, it becomes converted into 
steam, an elastic substance, the bulk of which, even at that tem- 
perature, is about 1800 times that of the water from which it 
originated. When heated beyond this point, vapour is expansi- 
ble to a wonderful degree. Count Rumford ascertained by 
incontrovertible experiments, that its elasticity became doubled 
by every addition of temperature, equal to 30® of Fahrenheit’s 
scale. With the heat of 212 + 30 = 242, its elasticity he found 
equal to the pressure of two atmospheres ; at the temperature of 
242 + 30 = 272, it will be equal to four atmospheres, and so 
on.j- When suddenly generated, this powerful agent is capable 
of producing the most violent, and at times the most destructive 
effects. Thus instances J have occurred, where, in consequence 
of a person carelessly spitting into a copper foundry, the entire 
building has been destroyed, and even when the moulds contain 
the slightest moisture, the melted metal is driven back with a 
loud report, and is violently dispersed in .every direction. A 
drop of water also by falling into a vessel of boiling linseed oil, 
where it became instantly converted into vapour, has been known 
to produce the most violent explosions. On this principle then, 
namely, that of sudden expansion, I conceive the whole process 
admits of explanation. The minute, but numerously interspersed 
globules of water, which had for ages been percolating thruiigli 
the pores and fissures of the rock, undergoing, by the application 
of a large fire to its base, a sudden enlargement of volume in a 
short time acquired such a degree of expansive energy as to burst 
asunder the strong confines by which they had so long been 
surrounded. Now were Hannibal, while the fire was imparting 


* See Murray’s Chemistry, vol. i. p. 250. 

•f The clastic force of steam does not increase in quite so rapid a progression as Count 
Kumford aHirms j according to the late experiments of Dr. Ure, it is equal only to 6J*0 
inches of mercury at 242^, and to about only at 272®.— (See Tliilosoidiic^ Trans- 
actions, 1818, or Annals^yol, xiii, p. 215.) — Edit, 
i See Black’s liecturcs, vol, i. 
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this energetic influence to the particles of confined moisture, to 
apply a quantity of vinegar to the surface of the rock, there 
would surely be nothing unnatural in his attributing at least a 
part of the effect to the liquid he employed, particularly when 
we take into account the very low state of chemical knowledge, 
in those early ages, even among men of science, 

A phenomenon of annual occurrence in the Polar Seas, bears, 
I conceive, considerable analogy to the point we have been dis- 
cussing, and appears to me to confirm the explanation 1 have 
ventured to advance ; I allude to the frequent disruptions, or 
icequakes, as they are termed, which take place among the ice- 
bergs, on the return of the summer season. In those remote 
latitudes, as soon as the long and dreary winter has passed away, 
the hot weather sets in with unusual rapidity, in consequence of 
which the numerous globules of air, that had been incased in 
those vast accumulations, soon begin to expand,^ and struggling, 
as it were, for liberty, in a short time acquire such irresistible 
force as to occasion the disseveration of the mountain. In this 
way large masses separate, and are precipitated into the ocean 
wdth a tremendous noise, not unlike that of a distant peal of 
thunder. Volcanic eruptions, explosions in coal mines, and 
several other phenomena, together with the common operation 
of blasting, might likewise be adduced to prove the wonderful 
power possessed by clastic fluids, whether in the form of vapour, 
or of gas, when exposed to high temperature ; but to enlarge 
upon a principle now so well understood, and so exteiisivdy 
applied, appears altogether unnecessary. 


Article IX. 

On the Presence of Oil in the Serum of the Blood. 

By Thomas Stewart Traill, MD. 

(To the Editor of the Annals of PhUosoplu/.) 

DEAR SIR, LiverjKtoI^ liot/al Institution^ Jmi, 10, 1823. 

Upwards of two years ago, I detectetl the presence of a 
cousidemhle [u oportion of oil in the serum of the blood of a man 
labouring under internal inflammation ; and a second attack of 
decided hepatitis in the same individual afforded me another 
opportunity of verifying the observation in the spring of 
These facts were communicated to the public iu the I7th voluiiK*, 
of the Edinburgh Medical and Surgical Journal. In both 
instances, the singularly lohite colour of the serum induced the 


* Sec Leslie on Jleat and iMoisture. 
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chemical examination ; and a similar appearance having recently 
occurred in a case under the care of my friend Dr. McCartney, 
of this place, he sent to me a portion of the serum, which yielded 
on analysis a still larger proportion of oil than had been obtained 
in the former instances- I)r. McCartney’s patient is a stout 
young man, who was attacked by acute hepatitis. 

Bxamhiation of the Serum. 

Tliis serum separated spontaneously from the crassamentum ; 
but in appearance, it strikingly resembled that described in the 
journal aDOve-mentioned. Its colour is a fine yellowish-white ; 
its consistence (in this cold weather) is that of very thick, rich, 
cream; but it becomes more fluid by a gentle heat- It did not 
make any deposit, on being left at rest for several weeks. 
Indeed serum of this sort seems little disposed to spontaneous 
change ; for some which has been tw^o years in my possession 
still retains its colour ; and though it has a putrid smell, it exhi- 
bits visible signs of decomposition only by a very slight separa- 
tion of nearly colourless water, from a coagulum resembling new 
cheese. 

The specific gravity of the serum now under consideration 
= 1-0187, which nearly agrees with that last examined, though 
it be somewhat less than that of the first. 

One hundred grains of the serum were slowly evaporated by a 
moderate temperature. The residue, when the watery part was 
wholly dissipated, = 21-1 grs. A yellowish transparent oil was 
observed to flow beneath tlie solid residue, when the glass cap- 
sule was heated ; but it became solid, and of a greyish-white 
colour, at the ordinary temperature of my apartment. The oil 
was taken up, while fluid, by bibulous paper, which had been 
previously weighed with due attention to ensure uniformity in 
the state of its hygrometric moisture- A portion of the paper 
WHS deeply stained w^ith the oil, and fresh jiortions wore employed 
until the broken coagulum no longer soiled the paper. The 
weight gained by the paper == 4'o grains. 

Tlie albumen was soaked for six hours in distilled water, and 
well washed on a filter. The dried albumen = 15-7 grains. 
The washings were evaporated, and saline matter, consisting 
chiefly of muriates and lactates, were obtained, amounting to 
0*9 gr. of which 0-7 appeared to be of the former. 

From these results, we may state the constituents of this 
rcmuikable fluid to be ; 

Water- . 

Albumen 
Oil . ... 

Salts . . 

100-0 


= 78-y 
= 137 
= 4.5 

= 00 
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The peculiarities of this serum consist in its containing oil, 
which exists in the form of an emulsion, and in this case amounts 
to 4-i- per cent.; in its having about double the usual quantity of 
albumen assigned to the sertim of blood, by , the experiments of 
Berzelius and others ; and in its diminished proportion of saline 
ingredients. It is worthy of remark, that these peculiarities in 
the three cases were connected with inflammatory disease ; and 
in the two last were accompanied by decided inflammation of 
the liver. I have had an opportunity of examining the blood of 
one of the patients when he was in health, and found nothing 
peculiar in it. I may also state, that I examined some time ago 
a serum which resembled, in colour and consistence, thin water-- 
^niel; but in this I could detect no oil; and it seemed to owe 
Its peculiarities to an excess of albumen. 

I am, respectfully yours, 

Thomas Stewart Traill. 


Artici.e X. 

On the Alloys of Steel. By ,1. Stodart, Esq. FRS. and Mr. 

M. Faraday, Chemical Assistant in the Royal Institution.* 

The alloys of steel made on a small scale in the laboratory of 
the Royal Institution proving to be good, and the experiments 
having excited a very considerable degree of interest both at 
home and abroad, gave encouragement to attempt the work on a 
more extended scale, and we have now the pleasure of stating, 
that alloys similar to those made in the Royal Institution, have 
been made for the purpose of manufacture ; and that they prove 
to be, in point of excellence, in every respect equal, if not supe- 
rior, to the smaller productions of the laboratory. Previous, 
however, to extending the work, the former experiments were 
carefully repeated, and to the results were added some new 
combinations, namely, steel with palladium, steel with ijfidiuiu 
and osmium, and latterly, steel with chromium. lu this last 
series of experiments, we were particularly fortunate, Iraving, by 
practice, acquired considerable address in the management of 
the furnaces, and succeeded in procuring the best fuel for the 
purpose. Notwithstanding the many advantages met with in 
the laboratory of the Royal Institution, the expeuiments were 
frequently rendered tedious from causes often unexpected, and 
sometimes difficult to overcome; among these, the failure of 
crucibles was, perhaps, the most perplexing. We have never 


From the Philosophical Transactions for Part II. 



200 Messrs. St odart and Faraday on * [March, 

yet found a crucible capable of bearing the high degree of tem- 
perature required to produce the perfect reduction of titanium ; 
indeed we are rather '^disposed to question whether this metal 
has ever been so reduced : our furnaces are eg^ual* (if any are) to 
produce this effect, but hitherto we have failed in procuring a 
crucible. 

The metals that form the most valuable alloys with steel are 
silver, platina, rhodium, iridium, and osmium, and palladium ; 
all of these have now been made in the large way, except indeed 
the last named. Palladium has, for very obvious reasons, been 
used but sparingly ; four pounds of steel with 1-lOOth part of 
palladium, has, however, been fused at once, and the compound 
is truly valuable, more especially for making instruments that 
■ require perfect smoothness of edge. 

We are happy to acknowledge the obligations due from us to 
Dr. Wollaston, whose assistance w^e experienced in every stage 
of our progress, and by whom we were furnished witli all the 
scarce and valuable metals ; and that with a liberality which 
enabled us to transfer our operations from the laboratory of the 
chemist, to the furnace of the maker of cast steel. 

In making the alloys on a large scale, we were under the 
necessity of removing our operations from London to a steel 
furnace at Sheffield ; and being prevented by other avocations 
from giving personal attendance, the superintendence of the 
work was consequently intrusted to an intelligent and confiden- 
tial agent. To him the steel, together with the alloying metals 
in the exact proportion, and in the most favourable state for the 
purpose, was forwarded, with instructions to sec the wdiole of 
the metals, and nothing else, packed into the crucible, and 
placed in the furnace, to attend to it while there, and to suffer it 
to remain for some considerable time in a state of thin fusion, 
previous to its being poured out into the mould. The cast ingot 
was next, under the same superintendence, taken to the tilting 
mill, where it was forged into bars of a convenient size, at a 
temperature not higher than just to render the metal sufficiently 
maireable under the tilt hammer. When returned to us, it was 
subjected to examination both mechanical and chemical, as well 
as compared with the similar products of the laboratory. From 
the external appearance, as w ell as from the texture of the part 
when broken by the blow of the hammer, we were able to form a 
tolerably correct judgment as tonts general merits ; the hardness, 
toughness> and other properties, w^ere further proved by severe 
trials, after being fashioned into some instrument, or tool, and 
properly hardened and tempered. 

It would prove tedious to enter into a detail of experiments 
made in the Royal Institution; a brief notice of them will at 
present be sufficient. After making imitations of various speci- 

* We have succeeded in fusing in these furnaces rhodium, and also, though iniper^ 
ftctly, platina in crucibles. 
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mens of meteoric iron by fusing together pure iron and nickel, in 
proportions of 3 to 10 per cent, we attempted making an alloy of 
steel with silver, but failed, jowing to a* superabundance of the 
latter metal ; it was found, after very many trials, that only the 
l-500th part of silver would combine with steel, and when more 
was used, a part of the silver was found in the form of metallic 
dew lining the top and sides of the crucible ; the fused button 
itself was a mere mechanical mixture of the two metals, globules 
of silver being pressed out of the mass by contraction in cooling, 
and more of these globules being forced out by the hammer m 
forging ; and farther, when the forged piece was examined, by 
dissecting it with diluted sulphuric acid, threads or fibres of 
silver were seen mixed with the steel, having something of the 
appearance of steel and platina when united by welding ; but 
when the proportion of silver was only l-r>00th part, neither dew, 
globules, nor fibres, appeared, the metals being in a state of « 
perfect chemical combination, and the silver could only be 
detected by a delicate chemical test. 

With platina and rhodium, steel combines in every proportion ; 
and this appears also to be the case with iridium and osmium : 
from J to 80 per cent, of platina was perfectly combined with 
steel, in buttons of from f)0() to 2000 grains. With rhodium, 
from 1 to 50 per cent, was successfully used. Equal parts by 
weight of steel and rhodium gave a button, which, when polished, 
exhibited a surface of the most exquisite beauty: the colour of 
this specimen is the finest imaginable for a metallic mirror, nor 
does it tarnish by long exposure to the atmosphere : the specific 
gravity of this beautiful compound is 0*176'. The same propor- 
tion of steel and platina gave a good button, but a surface highly 
crystalline renders it altogether unfit for a mirror. In the labo- 
ratory, we ascertained that, with the exception of silver, the best 
proportion of the alloying metal, when the object in view was 
the improvennent of edge tools, was about 1-1 00th part, and iu 
this proportion they have been used in the large way. It may 
be right to notice, that in fusing the metals in the laboratory no 
rtux w'hatever was used, nor did the use of any ever appear to be 
required. 

Silver being comparatively of little value with some ofth^alloy- 
ing metals, we were disposed to make trial with it as the first expe- 
riment in the large way : 8 lbs. of very good Indian steel was wsent to 
our agent, and with it 1 -600th part of pure silver : a part of this was 
lost owing to a defect in the mould; a sufficient quantity was, 
however, saved, to satisfy us as to the success of the expeiiment. 
This, when returned, liad the most favourable appearance both 
as to surface and fracture ; it was harder than the best cast steel, 
or even than the Indian wootz, with no disposition whatever to 
crack, either under the hammer, or in hardening. Some articles 
for various uses have been made from this alloy ; they prove to 
be of a very superior quality ; its application will probably be 
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extended not only to the manufacture of cutlery, but also to 
various descriptions of tools ; the trifling addition of price can- 
not operate against it& very general introduction. The silver 
alloy may be advantageously used for almost every purpose for 
which good steel is required. 

Our next experiment made in the large way was with steel and 
platina : 10 lbs. of the same steel, with 1-lOOth part of platina, 
the latter in the state produced by heating the ammonia muriate 
in a crucible to redness, was forwarded to our agent, with 
instructions to treat this in the same way as the last named 
metals. The whole of this was returned in bars remarkable for 
smoothness of surface and beauty of fracture. Our own obser- 
vation, as well as that of the workmen employed to make from 
it various articles of cutlery, was, that this alloy, though not so 
hard as the former, had considerably more toughness : this pro- 
perty will render it valuable for every purpose where tenacity, as 
well as hardness, is required ; neither will the expense of platina 
exclude it from a pretty general application in the arts ; its 
excellence will much more than repay the extra cost. 

The alloys of steel with rhodium have also been made in the 
large way, and are, perhaps, the most valuable of all ; but these, 
however desirable, can never, owing to the scarcity of the 
metal, be brought into very general use. The compound of 
«teel, iridium, and osmium, made in the large way, is also of 
great value ; but the same cause, namely, the scarcity and diifi- 
culty of procuring the metals, will operate against its very general 
introduction. A sufficient quantity of these metals may, perhaps, 
be obtained to combine with steel for the purpose of making 
some delicate instruments, and also as an article of luxury, when 
manufactured into razors. In the mean time, we have been 
enabled, repeatedly, to make all these alloys (that with palladium 
excepted), in masses of from 8 to 20 lbs. each; with such libe- 
rality were we furnished with the metals from the source already 
named. 

A point of great importance in experiments of this kind was 
to ascertain whether the products obtained were exactly such as 
we wished to produce. For this purpose, a part of eacli product 
was analysed, and in some cases the quantity ascertained ; but 
it was not considered necessary in every case to verify the quan- 
tity by analysis, because, in all the experiments made in the 
laboratory, the button produced after fusion was weighed, and 
if it fell short of the weight of both metals put into the crucible, 
it was rejected as imperfect, and put aside. When the button 
gave the weight, and on analysis gave proofs of containing the 
metal put in to form the alloy, and also on being forged into a 
bar and acted on by acids, presented an uniform surface, we 
considered the evidence of its composition as sufficiently satis- 
factory. The processes of analysis, though simple, we shall 
briefly state; the inibrmation may be desirable to others who 
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may be engaged on similar experiments ; and further, may enable 
every one to detect any attempt atimpostion. It woulo be very 
desirable at present to possess a test as simple, by which we 
could distinguish the wootz, or steel df India, from that of 
Europe ; but this, unfortunately, requires a much more difficult 
process of analysis. 

To ascertain it platina is in combination with steel, a small 
portion of the metal, or some filings taken from the bar, is to be 
put into dilute sulphuric acid ; there will be rapid action ; the 
iron will be dissolved, and a black sediment left, which will 
contain carbon, hydrogen, iron, and platina ; the carbon and 
hydrogen are to be burnt off, the small portion of iron separated 
by muriatic acid, and the residuum dissolved in a drop or two of 
nitro-muriatic acid. If a piece of glass be moistened with this 
solution, and then heated by a spirit-lamp and the blowpipe, 
the platina is reduced, and forms a metallic coating on the 
glass. 

In analysing the alloy of steel and silver, it is to be acted on 
by dilute sulphuric acid, and the powder boiled in the acid ; 
the silver will remain in such a minute state of division, that it 
will require some time to deposit. The powder is then to be. 
boiled in a small portion of strong* muriatic acid;* this will 
dissolve the iron and silver, and the latter will fall down as a 
chloride of silver on dilution with water ; or the powder may be 
dissolved in pure nitric acid, and tested by muriatic acid and 
ammonia. 

The alloy of steel and palladium, acted on by dilute sulphuric 
acid, and boiled in that acid, left a powder which, when the 
charcoal was burnt from it, and the iron partly separated by 
cold muriatic acid, gave on solution in hot muriatic acid, or in 
nitvo-muriatic acid, a muriate of palladium ; the solution, when 
precipitated by prussiate <d* mercury, gave prussiate of palla- 
dium; and a glass plate moistened with it and lieated to redness, 
became coated with metallic palladium. 

The residuum of the rhodium alloy obtained by boiling in 
diluted sulphuric acid, had the combustible matter burnt off, and 
the powder digested in hot muriatic acid ; this removed the iron; 
and by long digestion in nitro-muriatic acid, a muriate o4>ho- 
dium was formed, distinguishable by its colour, and by. the 
triple salt it formed with muriate of soda. 

To analyze the compound of steel with iridium and osmimn, 
the alloy should be acted on by dilute sulphuric acid, and the 
residuum boiled in the acid ; the powder left is to be collected 
and heated with caustic soda in a silver crucible to dull redness 
for a quarter of an hour, the whole to be mixed with water, and 
having had excess of sulphuric acid added, it is to be distilled, 

* Although it is a generally received opinion, that muriatic acid does not act on 
silver, yet that is not the case ; pure muriatic acid dissolves a small portion of silver 
very readily. 
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and that which passes over condensed in a flask ; it will be a 
solution of oxide of osmium^ will have the peculiar smell belong- 
ing to that substance, and will give a blue precipitate with tinc- 
ture of galls. The portion in the retort being t.ien poured out, 
the insoluble part is to be washed in repeated portions of water, 
and then being first slightly acted on by muriatic acid to remove 
the iron,- is to be treated with nitro-muriatic acid, which will 
give a muriate of iridium. 

In these analyses, an experinced eye will frequently perceive, 
on the first action of the acid, the presence of the alloying metal. 
When this is platina, gold, or silver, a film of the metal is 
quickly formed on the surface of the acid. 

Of alloys of platina, palladium, rhodium, and iridium and 
osmium, a ready test is offered when the point is not to ascer- 
tain what the metal is, but merely whether it be present or not. 
For this purpose we have only to compare the action of the same 
acid on the alloy and on a piece of steel ; the increased action 
on the alloy immediately indicates the presence of the metal ; 
and by the difference of action, which on experience is found to 
be produced with the different metals, a judgment may be formed 
even of the particular one present. 

The order in which the different alloys stand with regard to 
this action is as follows : steel, cromium alloy, silver alloy, gold 
alloy, nickel alloy, rhodium alloy, iridium and osmium alloy, 
palladium alloy, platina alloy. With similar acid, the action on 
the pure steel was scarcely perceptible : the silver alloy gave 
very little gas, nor was the gold much acted on. All the others 
gave gas copiously, but the platina alloy in most abundance. 

In connection with the analysis of these alloys, there are some 
very interesting facts to be observed during the action of acids 
on them, and, perhaps, none of these are more striking than 
those last referred to. When the alloys are immersed in diluted 
acid, the peculiar properties which some of them exhibit, not 
only mark and distinguish them from common steel, and from 
each other, but also give rise to some considerations on the 
state of particles of matter of different kinds when in intimate 
mixture or in combination, which may lead to clearer and more 
perfect ideas on this subject. 

If two pieces, one of steel, and one steel alloyed with platina, 
be immersed in weak sulphuric acid, the alloy will be imme- 
diately acted on with great rapidity and the evolution of much 
gas, and will shortly be dissolved, while the steel will be 
scarcely ‘at all affected. In this case, it is hardly possible to 
compare the strength of the two actions. If the gas be collected 
from the alloy and from the steel for equal intervals of time, the 
first portions will surpass the second some hundreds of times. 

A very small quantity of platina alloyed with steel confers this 
property on it: increased the action considerably; with 

a-nd it was * powerful ; with 10 per cent of platina it 
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acted^ but not with much power ; with 60 per cent, the action 
was not more than with steel alone ; and an alloy of 90 platina 
with 20 steel was not affected by the acip. 

The action of other acids 6n these alleys is similar to that of 
sulphuric acid, and is such as would be anticipated : dilute 
muriatic acid, phosphoric acid, and even oxalic acid, acted on 
the platina. alloy with the liberation of more gas than from zinc ; 
and tartaric acid and acetic acid rapidly dissolved it. In this 
way chalybeate solutions, containing small portions of protoxide 
of iron, may be readily obtained. 

The cause of the increased action of acids on this and similar 
alloys, is, as the President of this Society suggested to us, proba- 
bly electrical. It may be considered as occasioned by the 
alloying metal existing in such a state in the mass, that its par- 
ticles form voltaic combinations with the particles of steel, either 
directly, or by producing a definite alloy, which is dilfused 
through the rest of the steel ; in which case the whole mass 
would be a series of such voltaic combinations ; or it may be 
occasioned by the liberation, on the first action of the acid, of 
particles which, if not pure platina, contain, as has been shown, 
a very large proportion of that metal, and which, being in close 
contact with the rest of the mass, form voltaic combinations 
with it in a very active state ; or, in the third place, it may result 
from the iron being mechanically divided by the platina, so that 
its particles are more readily attacked by the acid, analogous to 
the case of protosulphuret of iron. 

Although we have not been able to prove by such experiments, 
as may be considered strictly decisive, to which of these causes 
the action is owing, or how much is due to any of them, yet we 
do not hesitate to consider the second as almost entirely, if not 
quite, the one that is active. The reasons which induce us to 
suppose this to be the true cause of the action, rather than any 
peculiar and [)revious arrano'enient of the particles of steel and 
platina, or than the state of division of the steel, are, that the 
two metals combine in every proportion we have tried, and do 
not, in any case, exhibit evidences of a separation between 
them, like those, for instance, which steel and silver exhibit ; 
that when, instead of an acid, weaker agents are used, th^ alloy 
does not seem to act with them as if it was a series of infinitely 
minute voltaic combinations of steel and platina, but exactly as 
steel alone would do ; that the mass does not render platina wire 
more negative than steel, as it probably in the third case would 
do ; that it does not rust more rapidly in a damp atmosphere ; 
and that when placed in saline solutions, as muriate of soda, &c. 
there is no action takes place between them. In such cases it 
acts just like steel ; and no agent that we have as yet ti led, has 
produced voltaic action that was not first able to set a portion of 
the platina free by dissolving out the iron. 

Other interesting phenomena exhibited by the action of acid 
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on thesie steels, are the differences produced when they are hard 
and when soft Mr. Daniel, in his interesting paper on the 
mechanical structure c/iron, published in the Journal of Science, 
has remarked, that pieces of hard ‘and soft steel being placed in 
muriatic acid, the first required five fold the time of the latter to 
saturate the acid ; and that when its surface was examined, it 
was covered with small cavities like worm-eaten wood, and was 
compact and not at all striated, and that the latter presented a 
fibrous and wavy texture. 

The properties of the platiiia alloy have enabled us to observe 
other differences 'between hard and soft steel equally striking. 
When two portions of the platina alloy, one hard and one soil, 
are put into the same diluted sulphuric acid, and suflbred to 
remain for a few hours, then taken out and examined, the hard 
piece presents a covering of a metallic black carbonaceous pow- 
der, and the surface is generally slightly fibrous, but the soft 
piece, on examination, is found to be covered with a thick coat 
of grey metallic plumbaginous matter, soft to the touch, and 
which may be cut with a knife, and its quantity seven or eight 
times that of the powder on the hard piece : it does not appear 
as if it contained any free charcoal, but considerably reseinDle>s 
the plumbaginous powder Mr. Daniel describes as obtained by 
the action of acid on cast iron. 

The same difference is observed if pure steel be used, but it, 
is not so striking ; because, being much less rapidly attacked by 
the acid, it has to remain longer in it, and the powder produced 
is still further acted on. 

The powder procured from the soft steel or alloy in these 
experiments, when it has not remained long in the acid, exactly 
resembles finely divided plumbago, and appears to be a carburet 
of iron, and probably of the alloying metal also. It is not acted 
on by water, but in i,he air the iron oxidates and discolours the 
substance. When it remains long in the acid, or is boiled in it, 
it is reduced to the same state as the powder from the hard steel 
or alloy. 

When any of these residua are boiled in diluted sulphuric^ 
or muriatic acid, protoxide of iron is dissolved, and a black 
powdf^r remains unalterable by the furtlier action of the acid ; it 
IS apparently in greater quantity from the alloys than from pure 
steel, and when washed, dried, and heated to 300® or 400® in the 
air, burns like pyrophorus, with much fume; or if lighted, burns 
like bitumen, and with a bright flame ; the residuum is protoxide 
of iron, and the alloying metal. Hence, during the action of 
the acid on the steel, a portion of hydrogen enters into combina- 
tion with part of the metal and the charcoal, and forms an inflam- 
mable compound not acted upon by the acid. 

Some striking effects are produced by the action of nitric acid 
on these powders. If that from pure steel be taken, it is 
entirely dissolved ; and such is also the case if the powder be 
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taken fi'om an alloy, the metal of which is soluble in nitric 
acid ; but if the powder is from an alloy, the metal of which 
IS not soluble in nitric acid, then a ^black residuum is left 
not touched by the acid ; and which, when washed and carefully 
dried, is found, when heated, to be deflagrating ; and with 
some of the metals, when carefully prepared, strongly ex- 
plosive. 

T.he lulminating preparation obtained from the platina alloy, 
Avhen dis^solved in nitroniuriatic acid, gave a solution containing 
much platina, and very little iron. When a little of it was wrap- 
ped in foil and heated, it exploded with muqh force, tearing open 
the foil, and evolving a faint light. When dropped on the sur- 
face of heated mercury, it exploded readily at 400® of Fahren- 
heit, but with diflicuity at 370*^. When its temperature was 
raised slowly, it did not explode, but was decomposed quietly. 
When detonated in the bottom of a hot glass tube, much water 
and fume were given off*, and the residuum collected was metal- 
lic platina with a very little iron and charcoal. We are uncer- 
tain iiow far this preparation resembles the fiihninafing platina of 
Mr. Edmund Davy. 

In these alloys of steel the differences of specific gravity are 
not great, and may probably be in part referred to the denser 
state of tlie metals from more or less hammering; at the same 
time it may be observed, that they are nearly in the order of the 
specific gravities of the respective alloying metals. 

The alloys of steel with gold, tin, copper, and chromium, we 
have not attempted in the large way. in tlie laboratory, steel 
and gold were combined in various proportions; none of the 
results were so promising as the alloys already named, nor did 
either tin or copper, as far as we could Judge, at all improve 
steel. With titanium we failed, owing to the imperfection of 
crucibles. In one instance, in which the fused button gave a 
fine damask surface, Ave Avcre disposed to attribute the appear- 
ance to the presence of titanium ; but in this we were mistaken; 
the fact was, we had unintentionally made Avootz. The button, 
by analysis, gave a little silex and alumine, but not an atom of 
titanium ; menachanite, in a particular state of preparation, was 
used : this might possibly contain tlie earths or tiieir ba^is, or 
they may have formed a part of the crucible. 

lil. Berthier, who first made the alloy of steel and chromium,* 
speaks very favourably of it. We have made only two experi- 
ments : KiOO grains of steel, with 16 of pure chrome, were 
packed into one of the best crucibles, and placed in an excellent 
blast furnace ; the metals were fused, and kept in that state for 
some time. The fused button proved good and forged well: 
although hard, it show’^ed no disposition to crack. The surface 
being brightened, and slightly acted on by dilute sulphuric acid. 


* Annalcs de Cliimie, xvii, 55. 
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exhibited a crystalline appearance ; the crystals, being elongated 
by forging, and the surface again poUshed, gave, by dilute acid, 
a very beautiful damai^. Again, 1600 grains of steel with 48 
of pure chrome were fused : this gave a button considerably 
harder than the former. This too was as malleable as pure iron, 
and also gave a very fine damask. Here a phenomenon ratlier 
curious was observed : the damask was removed by polishing, 
and restored by heat without the use of any acid. The damasked 
surface, now coloured by oxidation, had a very novel appearance : 
the beauty was heightened by heating the metal in a way to 
exhibit all the colours caused by oxidation, from pale-straw to 
blue, or from about 430® to 600® of Falir. The blade of a sabre, 
or some such instrument, made from this alloy, and treated in 
this way, would assuredly be beautiful, whatever its other pro- 
perties might be ; for of the value of the chrome alloy for edge 
tools we are not prepared to speak, not having made trial of its 
cutting powers. The sabre blade, thus coloured, would amount 
to a proof of its being well tempered; the blue back would indi- 
cate the temper of a watch spring; while the straw colour 
towards the edge would announce the requisite degree of hard- 
ness. It is confessed, that the operation of tempering any 
blade of considerable length in this way, would be attended with 
some difficulty. 

In the account now given of the different alloys, only one 
triple compound is noticed ; namely, steel, iridium, and osmium ; 
but this part of the subject certainly merits further investiga- 
tion, offering a wide and interesting field of researcli. Some 
attempts to form other combinations of this description proved 
encouraging, but we were prevented, at the time, by various 
other avocations, from bestowing on them that attention and 
labour they seemed so well to deserve.'^ • 

It is a curious fact, that when pure iroji is substituted for 
steel, the alloys so formed are much less subject to oxidation. 
Three per cent, of iridium and osmium I’used with some pure 
iron, gave a button, which, when forged and polished, was 
exposed, with maay^ other pieces of iron, steel, and alloys, to a 
moist atmosphere ; it was the last of all showing any rust. The 
colour of this compound was distinctly blue ; it had the property 
of becoming narder when heated to redness and quenched in a 
cold^fluid. On observing this steel-like character, we suspected 
the presence of carbon ; none, however, was found, although 
careiully looked for. It is not improbable that there may be 
other bodies, besides cliarcoal, capable of giving to iron the 
properties of steel ; and though we cannot agree wdth M. Bous- 
singault,t when he would replace carbon in steel by silica or its 


• It is our intention to continue these experiments at every opportunity, but they are 
laborious, and require much time and patience. 

4- Annales da Chimie. xvi. 1. 
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base, \ye thiak his experiments very interesting on this point, 
which is worthy further examination. 

We are not informed as to what extenttthese alloys, or any of 
them, have been made at honte, or to what uses they have been 
applied ; their more general introduction in the manufacture of 
cutlery would assuredly add to the value, and consequently to 
the extension of that branch of trade. Tliere are various other 
important uses to which the alloys of steel may advanta £s;eoiisly 
be applied. If our information be correct, the alloy of silver, as 
well as that of platina, has been, to some considerable extent, in 
use at His Majesty’s Mint. We do know, that several of the 
alloys have been diligently and successfully made on the Conti- 
nent ; very good specimens of some of them having been handed 
to us ; and we are proud of these testimonies of the utility of 
our endeavours. 

To succeed in making and extending the application of these 
new compounds, a considerable degree of faithful and dili^nt 
attention will be required on the part of the operators. The 
purity of the metals intended to form the compound is essential; 
the perfect and complete fusion of both, must in every case, be 
ascertained : it is furtlier requisite, that the metals be kept for 
some considerable time in the state of thin fusion ; after casting, 
the forging is with equal care to be attended to ; the metal must 
on no account be overheated ; and this is more particularly to 
be attended to when the alloying metal is fusible at a low tem- 
perature, as silver. The same care is to be observed in harden- 
ing : the article is to be brought to a cherry-red colour, and then 
instantly quenched in the cold fluid. 

Ill tempering, which is best performed in a metallic bath pro- 
perly constructed, the bath will require to be heated for the 
respective alloys, -from about 70® to 100® of Fahrenheit above 
the point of temperature required for the best cast steel. We 
would furtluir recommend, that this act of tempering be performed 
twice ; that is, at the usual time before grinding, and again just 
before the last polish is given to the blade. This second tem- 
pering may, perhaps, appear supei'fluous ; but upon trial its 
utility will be readily admitted. We were led to adopt the prac- 
tice by analogy, when considering the process of making -and 
tempering watch springs. 


New SerieSf vol. v. 
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# Article XI. 

• # 

Memoir illustrative of a general Geological Map of the principal 
Mountain Chains of Europe, By the Rev. V^. D. Conyheare, 
FRS. &c. 

{Continued from p. 149.) 

Great Saliferous Series, 

Including, a. The rothetodteliegende. 

» b. The alpine or magnesian limestone. 

c. The variegated or new red sandstone. 

In comparing the series of deposits which immediately succeed 
the great carboniferous order as presented in England, and in 
some parts of the Continent, we shall, perhaps, perceive rather a 
parallelism than identity of formations in the representatives of 
rothetodteliegende and the alpine limestone ; but in the varie- 
gated sandstone an unequivocal identity is manifested. 

a. Rothetodteliegende. — Conglomerates, including rolled frag- 
ments of the neighbouring rocks, characterise this formation : 
the cement is sometimes argillaceous, sometimes quartzose ; by 
the diminution in size of the fragments, the rock often passes 
into a sandstone more or less granular. Beds of red micaceous 
shale alternate in the formation; it contains subordinately in 
some places carboniferous beds (distinct, however, according to 
Freisleben, from those of the true coal formation). Trap rocks 
(amygdaloid and porphyry) , are often associated with these 
deposits, usually, as it should appear, in their lowest members 
where they rest on the true coal series. Beds of limestone 
also occur, though sparingly. The upper members where they 
support the alpine limestone, pass into a calcareous conglome- 
rate called in the Hartz and neighbouring districts, the Weisslie- 
gende. This is by some authors considered as a distinct form- 
ation ; by others (with whom I am inclined to agree), it is 
included as the last deposit of the rotheliegende. 

Ores of iron, cobalt, and copper occasionally occur. 

Xhe petrifactions of this rock appear to belong chiefly, if not 
exclusively, to the vegetable kingdom. 

All circumstances indicate a near connection, but not an iden- 
tity, of formation between the rothetodte and the great carboni- 
ferous series.* It seems rather to hold an intermediate place 

* I have to add to the authorities J have previously adduced in confutation of the 
arrangen:ent which would identity the rothetodte and the old red sandstone of Britain, 
"that of Dr. Bouo, particularly important, because he has minutely examined the 
old red sandstone of Scotland, which, it has been contended (and principally on 
the ground of his description), presented the closest analogies to the rothetodte, and 
is equally acquainted with all the foreign localities of the latter rock, from recent jour- 
nies. 1 have now a series of letters of the highest interest from this author to Prof. 
Paubeny before me, in wliich he states, that he threes with Prof. Buckland in dis- 
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between this and the following deposits^ and to introduce, as it 
were, the latter. 

h. The Alpine Limestone ; Zechslein, Magnesian Limestone. 

( Werner's Jirst Floetx Lhneslone.) — This formation is very 
variable in different places, and may be said generally to present 
in distant districts a parallelism rather than identity of deposits. 
The prevailing rock in the continental deposits (zeclistein) is a 
grey compagt, and generally argillaceous limestone ; sometimes' 
slightly granular, and having a small degree of lustre from the 
facettes of the calcareous crystals imbedded : its colour is grey 
or bluish, sometimes acquiring a reddish tinge; it contains sub- 
ordinate beds of magnesian limestone, of ferriferous limestone, of 
cellular and crystalline limestone (rauchwacke), of fetid limestone, 
and of bituminous and cupriferous marl slate. Copper, galena, 
calamine, and mercury, are amon^ the metallic products of this 
formation ; and the association of rock salt and gypsum attest 
its connexion with the superimposed sandstones which also * 
abound in these minerals. 

Organic remains are scarce in this formation, speaking gene- 
rally, but yet in particular spots and beds occur even abundantly : 
the following species are enumerated by Sclottheim ; but I am 
not at present able to identify all the names employed with the 
synonymes in English writers. 

Gryphites aculeatus, 

G. gigas, 

G. arcuaf us, 

Pecten textorius, 

Pecten salinarius, 

Mytilus rostratus, 

Terebratula alata, 

' Terebratula lacunosa, 

tirgiiiivhing the rothetodte from the old red sandstone.” I hope hereafter to communi- 
cate from these letters a sketch of the recent discoveries of this active and persevering 
geologist ; and here then for the present, at least, 1 shall close this ctmtroversy. 1 had 
originally intended to have given more minute extracts from the original works refericd 
to ; but unless the accuracy of the general statements above given shall he questioned, it 
will, perhaps, be superfluous to do so ; if they should be controverted, 1 am then pre - 
pared to support them. Jbln resume against tlie proposed identification of thg rothc- 
todteliegende and our oldest sandstone. I have the express testimony of Auckland, 
Humboldt, Bone, Daubuisson, and Beudant, and (as I contend) the implied evidrticeof 
every other writer on the subject, excepting, perhaps, of Prof. Jamieson. M^hether it 
be more properly referable to the upper part of the carboniferous, or the lower part of 
the saliferous scries, is a distinct question, on which much ilivision of opinion exists, and 
which is after all not very material. I have endeavoured to compromise matters by 
treating it as an intermediate link between them. 

I have thus endeavoured to support, as I may, the opinions which tt) me appear most 
probable against an adversary from whom, however, I can never dissent without hesita- 
tion. JMr. M^eaver’s memoir on the South-east of Ireland will long remain as one of 
the moat perfect models of geological description, and must excite our regret that we 
have not been favoured with more original communications from the same pen ; while 
his extracts from the writings of continental geologists, published in the Afffialg^ equally 
attest hit power of generalising, and presenting tinder their most luminous point of view, 
the observations of others. 

p 2 
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Terebratula trigonella, 

Ammonites ammonius, 

Ammonites amaltheus, 

Amifionites Kircftius, 

^Nautilus coactus^ 

Orthoceratite, 

Joints of encriuites and peiitacriiiites, 

A species of trilobite. 

Bones of monitors and of fish, a separate line belonging to the 
vegetable kingdom, leaves of dicotyledonous plants (in which 
respect there is a distinction between these remains and those 
of the coal fields which are all monocotyledonous), and frag- 
ments related to the lycopodium and bamboo, but no true ferns. 

c. The Variegated or new lied Sandstone exhibits a series of 
friable sandstones and argillaceous marls, in which a red colour 
varied by streaks and spots of a greenish-yellow, &c. prevails. 
The sandstone predominates in the lower members, and is asso- 
ciated with conglomerate beds. Gypsum and rock salt occur in 
this deposit as in that of the zechstein. Iron is the only metal, 
I believe, which it has yet yielded. 

Distribution. — It is easy to trace generally the distribution of 
the whole series, but much obscurity still hangs over the exact 
demarcation of its individual members. This it may now be 
expected will shortly be dissipated in as far as it arises from our 
hitherto imperfect knowledge of the structure of the countries in 
which it occurs, by the publication of the works alluded to in the 
beginning of these essays ; but in part it results from a physical 
cause which cannot so readily be surmounted; namely, the diffi- 
culty, if not impossibility, of ascertaining in localities where the 
middle series of limestones (6) may happen, to be wanting ; 
whether the sandstones and conglomerates belong to the upper 
class (c), or the lower {a ) : following the same route which has 
been traced in the preceding articles, we have first to examine, 

(A.) The Coasts of the Baltic. 

The red marl containing gypsum, which occupies a very exten- 
sive tract in the centre of Russia, appears to sKirtthe transition 
district of Esthonia, near Riga. Its continuation ought to be 
sought for between the transition and more recent districts in 
Scania and the Danish isles ; but these districts have not yet 
been described with sufficient precision to enable us to speak of 
them with certainty. 


(B.) The British Isles. 

1. It is possible that the sandstones of the Orkneys may 
either wholly, or in part, belong to this series. 

2. The same observation will apply to those of the Sutherland 
coast on the north-east of Scotland. 
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3 . In the Hebrides, that portion of the sandstone which is 

closely associated with the gryphite limestone is probably refer- 
able to this series. % 

4. It is generally believed that the sandstones of the lowlands 
are partly to be ascribed to the old red sandstone ; viz. where 
they skirt the Clrainpian chain, and partly to the coal sandstones, 
l!)e present series not occurring in that tract. 

6. On the south of the soutliern or transition chain of Scotland, 
however, the sandstones of the present series certainly occur in 
the valley of the Tweed, and in the shores of the Firth of Sol- 
way, in Jjumfrieshire, being in the latter district connected with 
the mass of the same formations stretching into the north of 
Cumberland. 

G. In Ireland, the saliferous sandstones underlie the basalt of 
the Ulster district, but are confined to a narrow zone encompass- 
ing that area. 

7. In Kngland, tln^ saliferous sandstone mantling round the 
south and soutli-west of the penine chain (see the account of 
the coal districts) occupies the central counties, sending a branch 
north-west to the point \ihcre the Cumbrian cliains inosculate 
with the former, and in the opposite direction, funning a band 
between the lias and the coal and transition series, through 
Warwickshire, Worcestershire, and Gloucestershire. In South 
Gloucester, Somerset, and tlio seuth of Monmouth and Glamor- 
gan, these fbnnulions liave a very irregular outline, sin<!e tliey 
tonn upfillings through which tho. elder rocks of the coal series 
protriKle in all the loftier ranges ; in Devonshire they are simi- 
larly disposed among the transition chains. 

In all these places the lowest members appear to abound in 
conglomerates ; Jthose of Devonshire, which are associated with 
amygdaloid, have every feature of the German rothetodte, but 
the magnesian limestone is here wanting, and the variegated 
sandstone lies immediately on those conglomerates. 

I have, ill the preceding number, suggested the inquiry, whe- 
ther the rock distinguished in Smith’s Yorkshire as the Ponte- 
fract rock may not {lossess similar analogies. 

Tlie magnesian limestone forms a continuous band froyi the 
south of Durham through Yorkshire ami ottinghamshire. 

Mr. Smith, in his geological map of Yoiksliire, subdivides the 
magnesian limestone, or, as he calls it, red-land limestone, thus : 

1 . A liard bluish-white thin bedded stone which at Kinnersley, 
Knottingly, and Brotherston, makes the lime celebrated for 
agricultural purposes. 

2. *^Red and blue clay and gypsum. 

3. A soft yellov.’ish calcareous freestone or magnesian lime- 
stone. 

These beds are separated from the superior red mailliy a thick 
conglomerate. 

Mr. Buckland has observed in Yorkshire, beds closely resem- 



214 Rev. W, X). Conybeare on a Geological Map of [Mahch,* 

iDling the rauchwacke oi^ cellular limestone of the Continent, 
associated with magnesian limestone. 

In the southern counties, these foimations are represented by 
a calcareo-magnesian conglomerate, occasionally, but very 
rarely, passing into limestone beds of uniform texture. These 
conglomerates bear a great analogy, as Mr. Weaver has well 
remarked to the weissliegende of Germany. 

These formations must be considered as parallel to, rather 
than identical with, the alpine limestones of the Continent. 

The above deposits are comparatively very limited in England, 
and nine-tenths of the tract occupied by the great series we are 
now describing, is exclusively possessed by the superincumbent 
variegated sandstone and marl. 

Salt or salt springs occur in Cheshire, Staffordshire, and 
Worcestershire ; gypsum, passim, and sulphate of strontian, in 
Gloucester and Somersetshire. 

(C.) \Veslern France. 

The new red sandstone which crosses the channel from 
Devonshire, is seen, though not extensively, skirting the transi- 
tion rocks of Brittany ; but the lias and oolite advance so near 
to them, as almost to overlie and conceal it ; as also seems to be 
the case in the centre of that country, against the northern edge 
of that great group of primitive ridges branching off from the 
Cevennes ; but we want information on this district. 

According to the interesting communications ofDr. Bouc, the 
variegated sandstone exists in patches (par lambeaux) in the 
south-west of France. It is there represented by marls with 
compact and fibrous gypsum (Cognar St.Froult, near Rochefort), 
and sometimes immediately covered by Jura limestone, Sec. At 
the foot of the Pyrenees between St. Giron and Riinont, it is 
more extensively developed. 

' (D.) Spain. 

Humboldt is of opinion that the limestone of Montperdur is 
that belonging to the present series. The specimens I have 
seen,*and the fossils described as occurring in it, would certainly 
induce me to assign it to a later era (namely, that corresponding 
to our green sand), since it much resembles those rocks in the 
exterior chains of the Alps which are, by Messrs. Buckland and 
Brogniait, referred to that class ; but I can hardlv bring myself 
on such slight data even to suggest an inquiry militating against 
so high an authority. Be this as it may, after crossing the 
Pyrenees, the rock salt of this formation occurs associated as usual 
with gypsum at Cardona (a description of which wdll be found 
in the fourth volume of the Geological Transactions). The 
celebrated conglomerate mountain of Montserrat in the same 
quarter, is, perhaps, referable to the same era ; and we find 
gypsum and rock salt abundantly distributed along the course of 
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the Ebro from below Saragossa to above Tudela. It is diflScult 
to speak of a country whose geology ha^ yet never received a 
strictly scientific examinutiom; but enougn is known to teach* us 
that the central and western districts are principally occupied 
by primitive chains, while the east and south-east (with the 
exception of the transition chain of the Sierra Nevada) exhibit 
little but calcareous mountains, among which gypsum is plentifully 
interspersed. As we shall hereafter see that the limestone form- 
ation, answering in age to our magnesian limestone, swells into 
great importance on the Continent, and constitutes large moun- 
tain zones encircling the Alps, &c. which are in like manner 
characterised by the intermixture of gypsum, it is no improbable 
conjecture that these deposits belong to the same period. 

(E.) The Alps» 

We find these formations forming a zone on either side of the 
Alps ; on the north, interposed between the older rocks and 
great Nagelflue of Switzerland, which was once itself considered 
as belonging to them, but has been proved by subsequent 
researclies to be of much more recent date, and contemporaneous 
with the sandstones of the basin of Paris. The red sand- 
stone is here intimately associated with alpine limestone, which 
corresponds with the calcareous formations already described as 
coeval with our magnesian limestone ; and gypsum and salt may 
be found interspersed through the whole series. A similar cha- 
racter applies to the zone on the south side of the Alps ; here 
the red sandstone may be seen to the greatest advantage in 
the valley of the Adige, ten miles north of Trent, and in the valley 
of Avisio, which descends from the Val di Tassa into that of the 
Adige. In the :^*aiue neighbourhood a porphyry occurs asso- 
ciated with these formations on the south of the Alps only. 

Tiio reader is referred for further particulurs to the exc'ellent 
memoir of Prof Buckland, Annals of Philosophif^ June, 1821. 

It is probably the limestone of this formation belonging to the 
southern alpine zone, which extends into Carinthia, Istria, Dal-* 
matia, ; the limestone of the Apennines, and much of that 
in Greece, may also, perhaps, be reierrcd to the same era. , 

It is not to be understood that all the limestone chains border- 
ing the Alps belong to the present series. Parts on the exterior 
are undoubtedly referable to the oolitic series ; and others, as it 
should appear, parallel to the limestones associated with our 
green sand. The great disturbances which have affected these 
colossal chains, and the almost inaccessible nature of much of 
the ground, must long leave considerable obscurity on the exact 
demarcation of their constituent formations. 

(F.) Districts North of the Jura and on the Banks of the Rhine. 

The strata of the Jura chain cropping out to the north exhibit 



216 liev. IV. D» Conybeare on a Geological Map of [March, 

beneath the lias along their northern and north-western escarp- 
ment the saliferous sandstone (Lons le saulnier, &c,). 

Dr.Boue has traced^he variegated sandstone, alpine limestone, 
and rotheliegende, skirting the Vosges on the left bank of the 
Rhine, where the continuation of this tract approaches the slate 
mountains of the Ardennes. It has been described by Omalius 
d’Halloy, who classes this series agreeably to its disposition in 
England as the oldest of the horizontal rocks, contrasting it 
with the inclined position of the coal and older formations. 

Keferstein states, that the primitive range of the Schwartz- 
wald and Odenwald on the right bank of the Rhine is succeeded 
on the east, first by rothetodte, then by alpine limestone, and 
thirdly by variegated sandstone; and according to his repre- 
sentation, the Wurtzburg calcareous platform is a portion of 
this band of alpine limestone. Bou6 and Humboldt, however, 
I believe, consider the same tract as muschel kalkstein. Having 
hastily traversed it myself, I felt also inclined to embrace the 
latter opinion. 

Between this limestone and the cavernous (Jura) limestone of 
Bamberg, a tract of conglomerate and sandstone intervenes. 
Keferstein refers this to the variegated sandstone forming the 
third zone, consistently with his general ideas of the structure of 
this district ; but if the Wurtzburg tract be muschel kalk, this 
sandstone district is, perhaps, equivalent with the sand of our 
inferior oolite. I felt much embarrassed by this district when I 
traversed it, and have not yet been able to procure information 
which fully satisfies me.* 

After passing the platform of Jura limestone between Bamberg 
and Bayreuth, however, the red marl of tlie variegated sandstone 
is unequivocally displayed resting against the Bohemian chains, 
the Fichtelgebirge, ana the Thuringerwald. 

(G.) North of Germany . 

In the point to which we have now arrived, w^e may observe 
skirting the Thuringerwald all the formations noticed at the head 
of this article, viz. the red marl and gypsum ; the calcareous 
beds associated with the cupriferous marl slate, and at the bot- 
tom the rothetodte : a shell limestone answering to our lias rests 
on these beds, and separates this from a similar district encir- 
cling the detached ancient group of the Hartz mountains : here, 
and in the continuation of this district towards Halle, the rothe- 
todte is to be observed in many places in contact with the coal 
formation, and always above it. Rock salt is found in numerous 
points in this quarter, along the line between Osnaburg and 


* I have, therefore, followed the authority of Keferstein in colouring my map, prefer- 
ring to copy the errors, if errors they be, of the best published document, rather than sub- 
stitute an original representation from very imperfect observations, which would, 
therefore, have been quite as likely to prove erroneous. 
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M^deburg throughout the south of Hanover. (See the works 
of Freisleben.) 

The zone of these rocks surrounding the Thuringerwald conti- 
nues to skirt the prolongation of the same great mountain band 
through Saxony, where it assumes the name of the erzegebirge, 
through Silesia, where it changes its appellation for that of the 
riesengebirge. It occurs on both sides this chain, extending on 
the south into the great basin of Bohemia, and covering the coal 
formation of that country and the adjoining parts of Silesia. 
This district has been fully described by Von Raumer,* and in 
part also by VonBuch in his account ofGlatz. 

( II .) Hungary. 

These formations appear to skirt in like manner both sides of 
the Carpathian chain, which is still only a continuation of this 
same great primitive band traversing central Europe . The « 
most extensive salt mines which have ever been worked are to be 
found in the northern sandstone zone at WieJictzka‘|“ on the south 
of Cracow, and salt is also worked along tlie inner zone in 
several valleys descending to the west from the chain where it 
trends round Transylvania- The primitive ridge of the Carpa- 
thians, turning eastwards on the south of the Danube near its 
mouth, assumes the name of Mount Balkan, and proceeds to the 
coast of the Euxine, which cuts it off‘; but the transition rocks 
on the south of the peninsula of the Crimea, appear to form a 
portion of its northern exterior chain, and the Caucasus to form 
its prolongation; both these ranges are skirted by conglomerates, 
probably of this formation. 

(I.) liiussia. 

The sand of this formation, containing gypsum, appears to be 
very abundant in the north and east of European Russia. Mr. 
Strangways has recently laid much important information on 
the mineralogical relations of this vast empire before the Geolo- 
gical Society, in which all the particulars hitherto collected are 
given. It will here suffice to observe, that if a line be drawn 
from Riga north of Moscow to the banks of the river Oiiyil, this 
formation wall be found plentifully distributed on the north and 
east of it, especially along the Volga and its branches on the 
north-east of Moscow : it appears indeed to extend to, and 

* Ficlitel says, that on the north this zone extends from W’^ielictzka into Molda- 
via, in which interval he enumerates places where salt is worked or salt springs 
found, and on the south from Kpcrics, 400 or 500 nules eastwards through Transylva- 
nia. affording 1 50 localities of salt. 

•(• ]\£. Beudaiit fancies the salt of the Wielictzka mines to be derived by infiltration 
from a superior sandstone which he assigns to the tertiary jcra, because it contains lig- 
nites. This hypothesis is highly improbable ; lignites are by no means confined to the 
tertiary deposits. Mr. Buckland, who has visited the spot, felt convinced that the salt 
mines were in genuine red marl, and, I believe, observed, in the same vicinity, gpreeii 
Jsand overlying that fonuation. This i** probably the lignite ^^andstoneof M, Bwdant. 
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invest the Oural mountains with, the intermixture of a cupriferous 
sand, probably allied to the c^riferous beds associated in this 
formation in Germany a^id the Tyrol, &c. 

On the south of the Oural chain, it appears to stretch to the 
Caspian, and to spread very extensively in the adjoining regions 
of Asia. 

{To he cantinued.y 


Article XII. 

Observations on the Advantages Oil Gas Establishments. 

By M.Ricarcfo, Esq, 

(To the Editor of the Annals of Philosophi/.) 

BEAR SIR, Jirighion^ Feb- IS, 182S, 

It is now nearly two years since I first addressed you on the 
subject of oil gas, wdien you did me the favour to insert in the 
Annals of Philosophy a paper On the Comparative Advantages 
of Oil and Coal (^as/^ These observations were founded upon 
a few experiments I was enabled myself to try on the small 
scale, the reports of those who possessed an oil gas apparatus, 
and upon what I conceived would be the results obtained at an 
oil gas establishment on an extensive plan. Since that period 
I have had ample opportunities alfforded me of making a trial 
upon a larger scale at the Whitechapel-road Gas Works, 
situated in Oldford, and the result has been iv full and satis- 
factory confirmation of wdiat I had before advanced. The for- 
mation of a Company for carrying this work into effect was in 
contemplation at the time I first wrote. A capital was raised, 
an Act of Parliament was obtained, and to Messrs. Taylor and 
Martineau devolved the task of erecting the works, which 
were executed iu a manner highly creditable to these gentlemen. 
About two or three weeks before Christmas, 1821, the public 
were supplied with gas, only five months having been occupied 
in executing the work and laying the mains. The first annual 
meeting took place on Thursday, the 6th of February last, when 
a most satisfactory report was presented by the Committee, and 
a dividend of two and a half per cent, declared on the capital 
advanced ; not a dividend made for the occasion, but one arising 
from a clear profit over and above the expenditure, of which 
every proprietor had an opportunity of satisfying himself by a 
reference to the accounts which were laid before the meeting. 
This certainly may be considered as a strong proof in favour of 
oil gas, when it is known that the mains of this establishment 
run through, a district in which there is as little demand for 
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li^ht as any in the vicinity of London. This Company ori- 
ginated with some few gentlemen in the neighbourhooa who 
were anxious to have the x;oad lighted ♦with it. Many who 
subscribed did it without any view to protit, wishing only for 
the advantages of the light. Messrs. Taylor and Martineau 
held out no very flattering prospects, although they contem- 
plated that it might not be unattended with profit ; and such 
too was the opinion which I had formed when I assisted in pro- 
moting it. 

Of the 10,000/. the capital subscribed for, only 8000/. have 
been advanced. Two sets of retorts, with the necessary appa- 
ratus, a gasometer containing 8000 cubic feet, and capacious 
reservoirs for oil, have been constructed ; seven miles of main 
have been laid in various directions, the total cost having been 
about 7,300/.* There are at present only 100 customers sup- 
plied from this establishment, but it is difficult to say, how many 
lights are in use, as the gas is supplied by meters, and paid for 
according to the quantity consumed ; so that any person may 
have as many burners as he pleases. The average number in 
constant use may be reckoned at about 600 or 000 ; besides 
which there are about 180 public lights supplied at a price which 
yields no profit. One man as gas-maker, and a boy to assist 
him, are the only labourers required, and without any addi- 
tion, these migiil supply double the number of lights. In this 
case, the current expences of labour, wear and tear, rent, and 
incidentals, would continue the same, the only additional charge 
being the cost of oil and coals. In my former statement, when 
I calculated the expences at 5.5. per 1000 feet as a fixed sum, 
I was incorrect. Tliis sum must be constantly diminishing with 
the increased demand for gas. On the present scale at this gas 
work, the expences maybe estimated at (xs. per 1000 feet; if the 
consumption was doubled, it would be only 3.s\ per 1000 feet; 
and if the apparatus supplied to the full extent of what our 
capital would allow us, it would be considerably less ; for with 
the addition of another gasometer and one labourer, during the 
winter months, I have no doubt from the observations I have 
made, that between 3000 or 4000 burners might be kept supplied. 
Two pairs of retorts working 8 or 10 hours a day, are foudd suf- 
ficient to provide all the gas for the present winter consunqttion, 
amounting to about 6000 feet per night. If the whole six pairs 
were at work, and kept employed night and day us they are in 
coal gas works, more than six times that quantity might be pro- 
duced. If the Company had erected their own buildings, and 
furnished themselves with another gasometer, their ca[>ital sub- 
scribed would have been sufficient to have covered all these 

♦ The sum expended, as shown by the accounts, is about 7,700/. but of tl^is nearly 
400/. are for gas meters, and 760/. for an Act of Parliament. It should be observed 
that the building has been erected by the ground landlord, who receives an adequate rent. 
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expences. At the Brighton Coal Gas Works upwards of 30,000/. 
have been expended ; and, I believe, without a material increase 
to their works, they \wuld find it difficult to supply gas for 3000 
lights. ' ^ 

The report from the gas-maker of the (quantity of gas produced 
from a given quantity of oil, is equally satisfactory. This depends 
in a great degree on the nature of an oil ; for an equal quantity 
of gas cannot be procured from the very inferior sorts as from 
those of a better quality. Whale oil is found to be the best for 
the purpose ; cod oil somewhat inferior ; yet from eight tons of 
the latter containing 2()1(J gallons, 201500 cubic feet of gas 
were obtained, which is within a trifle of 100 feet per gallon. 
This is a large production from that description of oil ; but I see 
no reason, why, witli good management, the same quantity 
should not always he produced ; much certainly depends upon 
this, but it is soon acquired by practice and observation. The 
regulation of the heat of the retorts, and supplying* them pro- 
perly with oil, is of the greatest importance in gas making. 
The Oldford establishuient has been fortunate in ol)taining an 
operator who has equalled their most sanguine expe'ctations. 
There are inferior oils which it may be the interest of a Company 
to purchase from lowness of price ; tliese of course arc not 
expected to produce so much gas ; and low ness of price is not 
always a recommendation, as there are other circumstances 
besides variation of product which render some oils less eligible 
than others. It has boon observed that the advocates for oil gas 
do not make any allowance for waste arising from leakage of 
pipes, &c. This, at llie Oldford Works, is very small indeed. 
The valve leading from the mains has I)een opened during 
the day, and kept so for some time with the smallest percep- 
tible fall ill the gasonieler. This loss in the coal gas works, 
if what is staU?d be correct, is so great that it -is diflicult to 
account for it, and it would seem almost impossible it should 
arise from escape only. It is well known tliat coal gas injures 
the pipes it passes through ; which, in no degree, occurs w ith 
oil gas ; may not this fact account for the difference of loss ? 

The foregoing staleineiits, I think, clearly prove the advan- 
tages' wdiich an oil gas concern is likely to yichl in point of 
profit to those who embark in such an undertaking. To the 
consumer of gas, the advantages are equally palpable. An indi- 
vidual in the vicinity of llie Works, has his premises liglued up 
with oil o'as, and the following is the result of one year’s obser- 
vation; it is somewhat more than a year, but I will not consider 
the extra time. He has in his shop five large argand burners 
burning from sun-set till nine o’clock, and on Saturdays till 
eleven o’clock. In his counting-house, he has two burners, and 
in his warehouse one ; these last are not constantly lighted, and 
he estimates them at one and a half, so that the number of lights 
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may be considered as six and a half, the average number of hours 
of burning per night is about three hours. I estimated this 
before at two and a half; it was said to l^e three and a half : 1 
have taken the medium ; this^ allowing the extra time on Satur- 
day, would be 20 hours per week, or 1,040 per year. The 
annual consumption will be about 8,800 cubic feet, for which at 
50 a*. per 1000 feet, deducting five per cent, will be about 21/. 
besides the hire of the gas meter ; each burner w411 consume about 
1,350 cubic feet per year, which very little exceeds one and a 
quarter foot per hour. The light of these burners is fully equal 
to, if not exceeding, that of coal gas consuming five feet per 
hour, thus realising upon a large scale all my experiments, 
which have tended to prove that one foot of oil gas is equal to 
four feet of coal gas. The illuminating power of these two burners 
has been tried by a gentleman whose accm acy in experiments of 
this kind may be relied on, and whose interest is as great in the 
success of coal gas as of oil gas : his trials have all been followed 
by the same results. The cost too will be equally f avourable for 
oil gas. The use of the gas meter gives an advantage over the 
ordinary mode of charging per light, as in the latter case the con- 
sumer must pay for a stated number whether he uses them the 
whole time or not ; but supposing he should pay for six and a half 
burners, the charge would be 26/. and if this were estimated, 
according to the quantity consumed at \5s, per 1000 feet, and 
considering one cubic foot of oil gas as only equal to three and a 
half cubic feet of coal gas, as 1 originally stated it, the cost then 
would be 23/. S$. making a ditierence considerably in favour of 
the former, and likewise showing the decided advantage of the 
gas meter. The above statement will, I think, be conclusive to 
any but the most prejudiced, of the superiority of oil gas over 
coal gas in an economical point of view. 

Of the benefits arising from its introduction into private 
houses, no one can speak more satisfactorily than myvself*, nor can 
any one more seriously regret the necessity 1 have been under 
of relinquishing the comfort and luxury arising from it in con- 
sequence of my retirement here on account of my health. The 
whole of my house was lighted with it; and all the advantages, 
great as they were, which I anticipated from it, were infipitely 
more than realised. There was not a single annoyance, or the 
slightest inconvenience arising from the use of it; while ’the 
brilliancy of the light, the cleanliness, the saving of trouble, and 
many other comforts attending it, were a constant theme of 
admiration, and now as constant a source of regret. Could the 
benefits of this mode of lighting be generally known, and felt, 
and duly appreciated, I have no doubt that oil gas companies 
would be universally established, and every Tiouse lighted 
with it. It is difficult to say what the economy of this mode of 
lighting is, that must depend upon the quantity of light ; it is, 
however, satisfactory to know, that there is no waste ; you may 
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be profuse or as economical as you please, and you may 
haTe. double or treble the light at the same cost as tallow can- 
dles ; four or five times as much if compared with sperm oil, and 
above twelve times as^much if the^comparison be made with wax 
candles. 

1 know not that any thing can be more, satisfactory in favour 
of any new improvement than a successful issue of a fair and 
impartial trial ; and the results which I have now stated, of a 
year’s trial at the Oldford Works, may be equally applicable to 
any other establishment of a similar description. It can hardly 
be erected on more disadvantageous ground ; and if similar suc- 
cess should not ensue, it cannot arise from the planning and 
execution of the work, but from some other cause wholly uncon- 
nected with the nature of the establish rhent, either from want of 
consumption, or from improper management, and to which any 
other concern is equally liable. The great question in the form- 
ation of a gas company is, Which is most eligible, coal or oil ? 
Which is likely to absorb the least capital ? Which is likely to 

} )romise the fairest return ? Which is likely to be attended with 
east loss in case of failure ? Which is likely to afiord the greatest 
satisfaction to consumers in general ? To these queries, 1 do not 
hesitate for one single moment answering oil gas. There is not 
a single point in wliich it has not the most decided advantage ; 
and it is only because these advantages are not generally 
known, or that they are disallowed owing to the gross misstate- 
ments of those interested, that oil gas is not universally adopted. 
All means are resorted to to cry down oil gas ; and I under- 
stand that in some of the provincial papers a warm contest 
has been kept up, and that the opinions of scientific men have 
been brought forward to prove the incorrectness of the state- 
ments concerning the comparative illuminating powers of the 
two gases. It would be difficult to account for tpe discrepancy 
of opinion which exists on this subject (some estimating it as 
one to two; others as one to two and a half; some again as 
one to three), if we did not know that the goodness of oil 
gas depends upon the construction of the apparatus, and 
the mode of using it, and that oil gas of all the qualities 
just , mentioned may be produced. The gas upon which I have 
experimented, and upon which the observations I have before 
made were founded, was produced from works upon a large 
scale, erected by Messrs. Taylor and Martineau ; and the pecu- 
liar excellence of their arrangement is, that the gas produced 
from the action of their apparatus and retorts is always of 
a superior quality, which was most satisfactorily proved by Dr. 
Henry, in his paper read before the Royal Society. It is need- 
less for me here to enter into a detail of experiments which I 
was trying, and which, for the reasons I have before given, I 
was reluctantly obliged to give up. I may, perhaps, take some 
future opportunity of entering more fully into that subject ; for 
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the present, I need only say, that the quantity of light may be 
augmented or diminished by different modifications of burners, 
by lessening or increasing the pressure of gas, at the same time 
enlarging or diminishing the external iiole through which it 
passes. Indeed in measuring the proportions of li^t produced 
from oil and coal gas, there are so many circumstances to be con- 
sidered, that no two experimentalists would be satisfied with the 
results obtained by others. The most satisfactory proof which can 
be brought forward is the practical result of observations made by 
a disinterested and intelligent consumer, and which is shown by 
a computation of pounds, shillings, and pence, more intelligible 
to those usually interested in gas concerns than all the philoso- 
phical or chemical experiments that can be tried. 

1 hope, from what I have above stated, it will not be supposed 
that I mean to underrate the advantages of science ; you. Sir, I 
am sure, know me well enough, and have been sufficiently 
acquainted with my pursuits, to exonerate me from such a 
charge ; but the present question is not so much one of science 
as it is of economy and utility ; and in such a question, practical 
experience would certainly take the lead of scientific experi- 
ments. We all know the results of the inquiry on the famous 
oil question, which will not readily be forgotten. It must have 
had the eft’ect of teaching the j)ublic, that in similar points of 
dispute, they must look to other authorities than the mere dicta 
of scientific men ; and no authority can be more satisfactory 
than that which results from the agreement of scientific experi- 
ments with practical results. 

I would have transmitted to you a copy of the report of the 
Oldford Oil Gas Company, but it is not yet printed : it details 
the progress of the concern, and expresses the satisfaction 
of the Committee with the favourable account which they are 
enabled to lay before the Proprietors, and bears testimony of 
the correctness of all the statements which were made by 
M essrs. Taylor and Martineau at the commencement, in all of 
which they have been fully borne out after a fair and satisfactory 
trial. I am, yours, 8cc. M. Ricaiido. 


Article XIII. 

Abstract of a Memoir entitled An Attempt to ascertain the 
Chemical Composition of those Minerals which possess the same 
Crystalline Form as Pyroxene.'" By H. Rose.* 

The author of this paper observes, that there are many mine- 
jals which, from whatever place obtained, always possess the 


• From Schweigger’s Journal, vol. v. New Series* 
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same form and constituent parts. Of this agreement he adduces 
feldspar and emerald as examples ; but there are other minerals^ 
as pyroxene, ainphibole, garnet, and mica, which, possessing 
similar forms, wherevev they occur, differ greatly in their com- 
position. This last mentioned . circumstance has occasioned 
great difficulty in arranging minerals according to their compo- 
sition. 

It is observed, that M. Mitscherlich has removed much of 
this difficulty by showing that certain bodies, when containing 
the same number of atoms, may exchange their places in com- 
pounds without inducing any alteration of crystalline form ; 
according to M. Mitscherlich, most oxides which contain two 
atoms of oxygen are isomorplious ; and although his experiments 
were made with artificial salts, it is presumed that the same 
obtains with respect to crystalline minerals. 

To illustrate this position, M. Rose has observed that the 
analyses of different specimens of pyroxene show, that all mine- 
rals which have the crystalline form of pyroxene arc bisiliciates 
of the four isomorphous bases, lime, magnesia, protoxide of iron, 
and protoxide of manganese ; in all these, the oxygen of the 
base is to that of the silica as 1 to 2 . If the reasoning of 
M. Mitscherlich be applied to the analysis of various substances 
classed by llaiiy with pyroxene, it will be observed that they 
agree in composition with that substance ; viz. augit, maiacolite, 
sahlite, baikalite, coccolite, ulakit, mussite, diopside, and 
fassaite. 

The following analyses were made by M. Rose in Prof. Ber- 
zelius’s laboratory at Stockholm, and most of them were several 
times repeated 5 the minerals v/hich possess the crystalline form 
of pyroxene are classed by M. Rose under the following heads : 

1. Pyroxenes with lime and magnesia as basds. 

2 . Pyroxenes with lime and protoxide of iron as -bases, 

3. Pyroxenes with lime, magnesia, and protoxide of iron, as 
well as some protoxide of manganese as base. 

4. Pyroxenes with lime and protoxide of manganese as bases. 

1 . Pyroxenes with Li?ne and Magnesia as liases, 

Th^'se pyroxenes are mostly white, and form the colourless 
and usually transparent malacolites, which are sometimes, by 
slight admixtures, yellowish and greenish. The proportion of 
lime and magnesia is in almost which have been analysed 
very constant, both having the same quantity of oxygen, and 
together half as much as the silica. 


White Maiacolite from Orrijervi, in Finland, 

Is white, only greyish when mixed with galena; occurs in 
large crystalline masses with distinct cleavage ; semihard, and 
very translucent at the edges. Mr. Rose’s analysis gives 
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Silica. .««•••••••#•*• 54*64 coataining oxygen 27*48, 

Lime 24-94 7-0 

Magnesia 18*0 6*97 

Oxide of manganese • • 2*0 
Ox’de of iron with mag- 
nesia 1*08 

100*66 

Yellow M^Jacolite from luon^banshyttany In Wermeland. 

It occurs witV red silicate of manganese in magnetical iron 
ore. Its colour is yellowish ; its powder of a lighter colour ; 
it is semihard ; gives w'^^h difficulty sparks with steel ; is trans* 
lucent at the edg s. iVl. close’s analysis gave 

Silica 65*32 containing oxygen 27*82 

Magne* 16*99 6*58 

Lime 23*01 . . • 6*46 

Oxide of manganese .. 1*69 

Oxide of iron 2*16 

99*07 

M. Kissinger has analysed another malacolite from liOngban- 
shyttan ; the composition is nearly the same. 

Silica 54* 1 8 containing oxygen 27*25 

Magnesia 17*81 6*89 

Lime 22 72 6*38 

Oxide of manganese. . . 2*18 

Oxide of iron 

Loss by heating 1' 

99 \ 

M, Bousdorf, of Abo, has aiK*iysed a. white malacolite from 
Tammare, in Finland, which gave the following results : 

• 

Silica 54*83 containing oxygen 27*58 

Lime . 24*76 6*95 

Magnesia 18*55 7*18 

Alumina 0*28 

Oxide of iron 0*99 

Loss by heating 0*32 

99*73 

The Count of Trolle Wachtraeister analysed a white malaco- 
lite from Tafel Tyotten, in Norway ; its composition was. 

New Series^ vol. v. q 
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Silica. . • » , • • « • « « « . • • 57^40 containmg oxygen 38^87 

Lime 23-10 6^48 

Magnesia 4 16*74 «••••••#••»•«• 6*48 

Alumina 0*43 

Protoxide of iron, • . . . 0*20 

97*87 

Pyroxene from Pargas gave Mr. N. Nordenskiold the follow- 
ing composition : 


Silica. 

. . 56‘40 containing oxygen 27*7 

Lime 

.. 16*70 


Magnesia 

.. 22*57 


Oxide of manganese 

. . 0-43 


Alumina 

.. 2*83 


Oxide of iron 

. . 2*60 



'99*43 



2. Pyroxenes with Lime and Protoxide of Iron as Bases. 

Hedenbergit from Tunaberg, in Sadermanland.^ 

The colour is greenish^black ; it issemihardin a high degree. 
It occurs among the masses thrown out from a mine which is 
now deserted (Marmorsgufvan) not far from the cobalt mines at 
Tunaberg, together with quartz, partly pure and large foliated ; 
partly granular with magnetical iron ore. M. Rosens analysis 
gave the following result : 

Silica. 49*01 containing oxygen 24’65 

Lime 20-87 6-86 

Protoxide of iron 26*08 6*93 

Magnesia and oxide of 

manganese 2*98 

98-94 

3. Puroxenes with Lime, Magnesia, and Protoxide (f Iron, as 
Bases, together with more or less Protoxide of Manganese. 

, In these varieties of the pyroxene, a constant proportion of the 
bases is wanting ; and there is, therefore, a great variety in the 
composition. Among all varieties of this series of pyroxenes, 
there are not two which have their bases combined in the same 
proportion; even pyroxenes from the same place vary in their com- 
position : all, however, follow the law which M. Rose discovered ; 

* Iledenberg discovered this mineral, which he likewise first analysed. The re- 
sult of his analysis is, however, yery d^iferent from M. Rose's. Specimens which 
were obtained from Prof. JBercelius's fx»Uection were first atialjraed, and aUtenvards such 
as M. Rose brought with him the place, B&tk analysef agreed completely in 
their results. 



]18Q3;3 CryU^Oim Bvrm at Pyiwmi. 937 

«he4>j[yg«ii of Ail tlM bw8 b<wg equoi to ono b»lf of that of 
the sihca. 

Green Jildlkcolite Jrom B^onnyresoedkn,in DatecarUa. 

Ite colour is leek-green; the powder greenish-yellow; it is 
semihard in a high degree ; and on the edges scarcely translu- 
cent. It occurs in magnetical iron ore. The analysis gave the 
following result : 

Silica 64*08 containing oxygen 27 *20 

Lime 23*47 6*69 

Magnesia 11 *49 4*45 

Protoxide of iron 10*02 2*28 

Protoxide of manganese 0*61 

99*67 

Green Mnlacolite from JBjormyresoeden, another Variety. 

It is scarcely different from the former in hardness, colour, 
transparency ; in streak and lustre ; it is in fact almost completely 
like the former. The analysis gave the following result : 


Silica, 

Lime . 

64*65 containing oxygen 27*45 
20*21 5*68 

Magnesia 

15*25 

6*90 

Protoxide of iron • « # • f 

8*14 

1*85 

Alumina 

0*14 


Oxide of manganese . . 

0*73 



99*02 

e 


Jilack Crystallized Pyroxene from Taberg, in Wermeland, 

Its colour is raven-black ; the powder greyish-green ; it is 
semihard ; opaque ; occurs on a bed of iron ore with epi- 
dote, asbestos, and tremolite. The analysis gave the following 
result : 

Silica 63*36 containing oxygen 26*84 

Lime 22*19 6*23 , 

Protoxide of iron . , , , , 17*38 3*95 

Magnesia 4*99 1*93 * 

Manganese 0*09 

98*01 

If the magnesia is not taken into consideration, this pyroxene 
belongs to toe second division. Eveirin external a.ppearance> it 
is hke the hedenbergite, which belongs to that division. 

Green Sahlite from Sahla. 

The colour is light oil-green; the powder white. It gives 

q2 
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sparks with the steel, but with difficulty. It is in a high degree 
translucent at the edges. Occurs in calcareous spar. It was 

analysed by M. Rose, "and the results obtained were: 

Silica. 54‘86 containing oxygen 27 *59 

Lime 23*57 6*62 

Magnesia 16*49 6*38 

Protoxide of iron 4*44 1*00 

Manganese 0*42 

Alumina 0*21 

99*99 

The composition of this malacolite is, if 4 j- per cent, of protox- 
ide of iron are not taken into consideration, the same as tnose of 
the first division. Before the blowpipe also, its properties are 
completely like them. There occur, however, at Sahla other 
kinds of sahlite, which, though similar in external appearance 
to this, are quite different in their chemical properties and 
composition; while the sahlite just now described, and all 
other malacolites of this composition, are easily fusible before 
the blowpipe, these are almost entirely infusible ; and if reduced 
powder, it merely agglutinates a little. In a small glass tube, 
they blacken on the first action of the flame ; in the open 
fire, they become white. 

The colour of these. sahlites is the same as that of the be- 
fore mentioned, but their lustre is much less, and so soft 
that they are scratched by the nail ; while the other sahlite gives 
sparks with steel. They occur in carbonate of lime, and are 
usually penetrated by small veins of galena. The analysis of 
these sa.ilites occasioned much trouble in ascertaining their true 
nature. 

One of the purest specimens is in the 'collection of Prof. Ber- 
zelius, who was kind enough to supply as much of it as 
was sufficient for a chemical analysis. This sahlite, 'after having 
been deprived by diluted nitric acid of calcareous spar, lost on 
heating in difl'erent experiments 4*15, 4*92, 4*34, and 4*11 
per cent, which distinguishes it sufficiently from the com- 
n}on malacolite, of which the loss in the fire never amounts to one 
per cent.* 

The powder, after being heated, had a brown-red colour, and 
gave the following results : 

• The hard sahlite lost in the fire 0*48 per cent } the first variety of the malacolite 
ftwn Bjormyresoeden only 0;I2; |^e second O-SSj and the hedenbergite 0*7. Thw 
latter mineral when heated in a small glass tube by the lamp of the glass blowers, 
gives out a sour liquid which seems to contain fluoric acid. 
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Silica. 

63*21 containing oxygen 31*79 

Lime 

5*18 

1*45 

Magnesia 

26*26 

10*16 

Protoxide of iron 

4-36 

.... 0*99 

Oxide of manganese . • 

0*82 



99*83 



It is clear that a great surplus of silica exists in this miuerah 
and that it is not a bisilicate. This exception to the common 
rule which existed in every other analysis was unexpected. 
M. Rose repeated the analysis twice, but always obtained the 
same result. Fragments of it, when distilled in a small appara 
tus, gave out water, which did not change any of the test papers. 
M. Rose endeavoured to find fluoric acid in this sahlite by melting 
it with carbonate of soda, dissolving the mass in water, evaporating 
the liquid to a small bulk, separating it from the silica, supersatu* 
rating it with muriatic acid, mixing it with excess of ammonia, 
and adding muriate of lime, after which the vessel was carefully 
closed. No precipitate of fluate of lime appeared, not even after 
several days ; and only a trace of silica was deposited.* 

A considerable quantity of another sahlite was distilled in a 
porcelain retort; the loss amounted to 3*17 per cent. Water 
was distilled, and at last fumes passed through the aperture 
of the receiver, which smelt like a mixture of sulphurous 
and sulphuretted hydrogen. The water in the receiver was 
slightly sour ; when saturated with ammonia, and slowly eva- 
porated in a stove, it left only a small trace of salt of ammonia, 
which, when heated, evaporated like muriate of ammonia, and 
before the blowpipe with silica and soda, gave a brown button. 
By another distillation, when the receiver was kept very cold, 
a fluid was obtained, which, in the beginning, was turbid, smelt 
of sulphur, and on being saturated with ammonia, visible traces of 
sulphur were thrown down. When the sulphur had been sepa- 
rated, this solution was evaporated ; the same salt remained as 
before, the brown colour which it communicated before the 
blowpipe to the glass of silica and soda, proved to be sul- 
phate of ammonia. This sulphurous acid evidently derives 
its origin from the sulphuret of lead which occurs disseihi- 
nated in the sahlite. The very insignificant quantity shows that 
it cannot be the produce of one of the constituent parts of the 
sahlite (the water of a perfectly pure sahlite, of which the analysis 
has been communicated above, did not contain any trace of 
it). Besides the sulphurous smell, an empyreumatic one 
was observed in the water, which is peculiar to the water 

M^hen tlie liquid which had been separated from the silica was evaporated to a 
small bulk, and a mixture of sulphuric acid and alcohol poured on it, it burned with a 
green flame, which, however, depended upon the muriatic ether, and not on boracic 
acid. 
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obtained from all magnesian minerals, as, for example, set- 
pentine* 

It was, however, i^cessary to ascertain, whether the whole 
loss in the fire consisted of water. A quantity of another speci- 
men was, therefore, distilled, which, in different experiments, had 
lost 3’09, 2-99, and 3*25 per cent, on a red heat, in a porcelain 
retort with a receiver, to which was adapted a tube witn muriate 
of lime. This experiment, which was made with the greatest 
care, was decisive, for no gas was given out, and the loss of 
weight of the retort answered completely to the increase of the 
receiver, and the tube with muriate of lime.* 

Fragments of the specimen which had served for this experi- 
ment, were employed for two different analyses. The fragments 
for the first analysis were taken from one end of the large piece ; 
those which served for the second were from the opposite end. 
The result of these two analyses was : 

Silica. 68’08 containing oxygen 29*21 

Lime 11*24 3*16 

Magnesia with manga- 
nese 22*28 8*62 

Protoxide of iron . • . • • 5*30 • • • • ■ • 1*20 

Alumina • 0*47 

97*37 

68*30 containing oxygen 29*32 

9*89 2*78 

24*22 9*37 

0*68 

4*24 0*96 

0*11 • , 

97*44 

If 3*11 percent, of water are added, which is the mean quan- 
tity of the loss that the mineral sustained by a red heat, a 
small increase is obtained in the analysis. Though the oxygen 
in .the surplus of silica is equal to thatof the water obtained, and 
it, therefore, mi^ht appear proper to consider the hydrate of 
silica as isomorphous with the form of the pyroxene ; yet no true 
hydrate Of silica being either found in nature, or produced by 
art, there exists no reason why it should occur here. It seems 
as if the distinguishing property of those sahlites, Which, on being 
exposed to heat in a covered vessel, become black, give out water, 

* The quantity of purified sahlite which was used in this experiment weighed 35*916 
grammes. The retort had lost 1*168 grammes; the receiver had gained i*151,*f> and 
3ie tiibi* with muriate of lime I *009 gramme. 

----- - ‘ ^ - . . _ _ , - , , ^ \ \ V/ F 

-f The number is most probably 0‘15l,— Bdfl, 


Silica • 

Lime 

Magnesia 

Manganese 

Protoxide of iron 
Alumina ....... 
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and are afterwards white^ and which are not fusible^ or whose fusi* 
bility diminishes in the same proportion as the water they contain 
increases^ depends upon an infusible mineral which contains 
water, and in the fire becomes first black/*and afterwards white. 
Soap stone and noble serpentine are easily recognised by these 
properties, and these with common serpentine occurring in 
great quantity with the sahlite, it is clear that these varieties of 
sablite are nothing but pyroxenes ; that is to say, bisilicates of 
lime and magnesia combined with variable mixtures of soap 
stone or nobfe serpentine, of which the first is a trisilicate 
without water ; the latter a trisilicate with water. Neither soap 
stone nor serpentine has the least tendency to crystallization, 
though both are chemical compounds ; they are, therefore, 
no obstacle to the peculiar crystallization of the sahlite, it 
being already known from several examples, that both soap stone 
and serpentine possess a peculiar tendency to assume the crys- 
talline form of other minerals.* 

Feddish^broxvn Malacolite from Degctro, in Finland, analysed by 

Prof Berzelius. 

Silica 60*00 containing oxygen 25* 15 

Lime * 20*00 5*62 

Magnesia . 4*50 1 *74 

Protoxide of iron . . • . . 18*86 . # • • • 4*29 

Protoxide of manga- 
nese « 3*00 «•«•*••«•••«•• 0*66 

Loss by heating •••««• 0*90 

97*25 

(7b ht continued.) 


Article XIV. 

Proceedings of Philosophical Societies. 

ROYAL. SOCIETY. 

• 

Jan. 23. — The reading of Mr. Macdonald's Observations on 
Magnetism was resumed and concluded. The principal subjects 
of them were the phenomena of the variation of the needle, to 
account for which, an hypothesis, in some respects new, was 
proposed by the author. It would appear, he observed, from 
Capt. Parry’s discovery of the north-west magnetic pole, and 

• M. Rose distinctly found afterwards, on closer examination, in one specimen of th&se 
sahlites, serpentine mixed with it, which, from its exterior, hardly would have been dis- 
tinguishable from the si^te, had he not supposed it to exist in the mixture. 
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from other circumetance^, that what we call the variation of the 
needle, is, in fact, no variation at all, so that the north-pole of 
the earth may not, in^reality, possess any m^netic attraction. 
The situation of the pole discovered by Capt. Parry, by a rough 
computation from the amount of the dip at various spots in its vici- 
nity, as given by him, is at the intersection of 73® north latitude 
and 101® west longitude. Mr. M. has ascertained, that the 
oscillations of the needle are isochronous ; and also, that when 
the north pole of a magnet is presented to the south pole of the 
needle, the oscillations describe segments continually decreasing, 
but are still performed in equal times : now if the north pole of 
the earth have any attraction, the oscillations of the needle, when 
upon the line of no variation in the neighbourhood of the north- 
west pole, which was crossed by Capt. Parry, ought to be accele- 
rated on approaching it ; and by this means the fact may be 
ascertained. 

Mr. Macdonald supposes that the north-west magnetic pole 
has a rotatory motion, producing the two lines of no variation in 
the northern hemisphere, and that during the 159 years, from 
1667 to 1816, in which the needle was advancing to the west, it 
described one-fourth of its orbit. This theory of the motion of 
the pole, he remarked, required one objection to be obviated, — 
the supposed solidity of the earth : but of this opinion, he 
stated, there was no more physical proof than of the contrary 
one ; the subject was one of the hidden secrets of God never to 
be discovered. The Mosaic records indicate the earth to be full 
of water, contained as in a shell ; and many passages of Scrip- 
ture might be adduced to confirm this indication; the modem 
which the earth must have acquired its figure, and several astro- 
nomical facts, likewise tend to show that it does not consist of 
solid matter increasing in density to the centre. 

Mr. M. supposes that there is also a south-east magnetic pole, 
by the rotation of which the two lines of no variation in the south- 
ern hemisphere are produced ; Capt. Cook came to a spot where 
the dip amounted to rather more than 70® ; and this pole may 
be discovered or approximated to by sailing in the line of no 
variation at New Holland, as far as the ice will permit. The 
circumstance that the aurora borealis is never seen to rise, in 
Greenland, either in the north or north-west, but in the south- 
east or east, was cited from Crantz’s History, in confirmation of 
this idea of a south-east magnetic pole. 

In his former papers on magnetism, inserted in the Philoso- 
phical Transactions for 1796 and for 1797, the author had 
adopted Dr. Halley’s theory of four magnetic poles ; but two of 
the^e, it had since been found, did not exist where they were 
stated to be. In those papers, likewise, he had ascribed certain 
effects to the action of the sun’s rays upon the earth, which, in 
consequence of Sir H. Davy’s electro-magnetical discoveries, he 
was now disposed to attriuiite to galvanic agency ; the diurnal 
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variatiou of the needle mi^ht still be connected with the ii&fluence 
of the sun^ as^ indeed^ its increase from March to October 
seemed to prove. Mr. Macdonald further suggested, that a 
magnetical battery might be constructed*, perhaps, by a pro;^er 
arrangement of positive and negative poles ; anc. concluded .lis 
paper with, expressing his hopes, that what he had stated might 
lead some to pursue the subject, who were better qualified tlian 
himself for tlie investigation of it. 

The Society then adjourned over the anniversary of the man* 
tyrdom of King Charles I. 

Feb* 6. — A letter to the President from Sir Thomas Brisbane, 
Knt. FRS. dated Government House, Paramatta, New South 
Wales, Sept. 6, 1823. In this were communicated the results 
of the first observations made at the Observatory at Paramatta, 
by Mr. Charles Rumker ; they related to the obliquity of tlie 
ecliptic at Paramatta, to the longitudes of Paramatta and Syd* 
ney, to the rediscovery of M. Encker’s triennial comet, and to 
the length of Kater’s invariable pendulum vibrating seconds at 
Paramatta. 

At the same meeting was read. An Account of some Caves 
discovered in the Limestone Quarries at Oreston ; by J. Wbid- 
bey, Esq. in a letter to J. Barrow, Esq. FRS. 

. The two caves described in this paper were discovered, at tlie 
elevation of 93 feet above the sea at high water in spring- 
tides, ill the quarries upon the Cat-water, from whicn the 
stone employed in the Breakwater is procured. One w^as 
thinly lined with stalactite, and the bones it contained were 
imbedded in clay and rubble ; in the other, they adhered to the 
sides ; these caves communicate with each other by a sort of 
gallery, which opens to the face of the quarry about the size of 
a man’s body. • They have been examined by Prof. Buckland 
and Mr. Warburton. Their form and position were illustrated 
by a drawing annexed to the paper. 

Annexed to Mr, Whidby’s paper, was A Desermtion of the 
Bones found in the Caves above-mentioned ; by Mr. W. Clifl, 
Conservator of the Museum of the Royal College of Surgeons ; 
communicated by Sir E. Home, VPRS. 

The contents of the caves discovered at Oreston in 18J6 and 
1820, which had been described in the Philosophical Transac- 
tions for 1817 and for 1821, were altogether different from those of 
the present, discovered in 1822. In the first instance, the bones 
all belonged to a species of rhinoceros ; and in the second to a 
species of bear, and to an unknown antelope or deer : those now 
under consideration belonged to the known and existing genera 
of the ox, the deer, the horse, the hyaena, the wolf, and the fox. 
Some of them were thinly invested with stalactite, but the 
greater number were firmly imbedded in clay. None had been 
gnawed, except the radius of a young woff, which presented 
traces of the canine teeth and incisors, of an animal apparently 
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ftbotit &€ of a weaaeL The bottea of the rmow gramint^ 
irordus anthiids weire fooild together ; but those of the carnivora 
at a distance from each other. All were very fragile and white ; 
some were treated witH* muriatic acid, and found to have lost 
nearly all their animal matter ; while others examined Prof. 
Bucklaud retained about one->third less than those of Kirkdale. 
The proportion of animal matter retained by fossil bones, 
varies very considerably in different specimens. In the 
Museum of the Royal College of Surgeons, there are some teeth 
of the mastodon, from the banks of the Ohio, which have been 
deprived of their earthy matter by means of muriatic acid, but 
sti-1 shovring their whole form. Mr. C. suggested, that the 
clay in which the Oreston bones were found, and which, in 
their immediate vicinity, was much blacker as well as more 
tenacious and solid than in any other part, might have abstracted 
the animal matter from them. They are so absorbent of moist- 
ure, that the largest adheres to the tongue with sufficient 
strength to support its whole weight. When immersed in water, 
much effervescence took place, and the bones became black ; 
but resumed their usual appearance on being dried ; this was 
particularly the case with those of the carnivorous animals. In 
consequence of their fragility, some of them were broken by the 
workmen while divesting them of the clay ; while others mil to 
pieces on being exposed to the air. In respect to the latter 
circumstance, tney resemble the tusks, &c. of the elephant, 
found in the sand above the blue clay at Brentford, Ilford, and 
other ->laces near the river Thames, which divide into lozenge-* 
sh^ec. or into cubic fragments. 

Fossil bones showing traces of disease, Mr. Clift observed, are 
extremely rare 5 and he has never seen any that exhibited frac-- 
tures which had been healed during the life of the animals ; 
there are, however, among these from Oreston, the metacarpal 
and metatarsal bones of an ox, which bear evidences of ossific 
inflammation ; and the lower jaw of a young wolf, in which two 
abscesses, one on each side, have produced sinuses. 

The fragments of shell found in one of the caves, retain their 
pearly matter, and appear to be those of an ostrea ; but they are 
too small to present any satisfactory characters, not amounting 
to th^ bulk of a single valve. 

A more particular description of the bones, illustrated with 
drawings, succeeded the above observations. There are bones 
of about twelve oxen, with short conical horns, standing 
upright ; and larger than the medium size of the existing species 
of that genus. A few seem to belong to a deer, but this cannot 
be Satisfactorily determined, as there is neither the head of the 
animal, its horns, nor its teeth. Some small bones of a young 
animal, apparently a calf or a fawn. The bones and teeth of 
about twelve horses, which must have been fourteen hands high. 
The bones of five or six hymnas, including two jaw-bones with 
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t^eth* Thei bones of several wolves, of the saime size as those 
of the existing species. The whole of these fetnatns have been 
deposited in the Museum of the Royal College of Surgeons, by 
Sir E. Home. ^ 

Some further particulars of the quarry and caves, by Mr. 
Whidbey, were appended to Mr. Clift’s paper. Mr. W. stated, 
that no more bones were likely to be discovered ; for the rock 
containing the caves was very nearly worked out;; and he 
expressed his opinion, that no communication had existed 
between the caves and the surface of the country since the 
Flood. 

Feb. 13. — A Letter to the President from T. Young, MD. 
Foreign Secretary to the Society, was read : it related to Mr. 
Rumlcer’s rediscovery of Prof. Encker’s little triennial comet, 
near the place which the Professor had assigned to it by com- 
putioii. Mr. Rimiker first observed it on the 2d of June last, 
and it continued visible until the 23d, when it was lost in the 
light of the moon, and it could not afterwards be discovered. 

At this meetinjj, also, part of a paper by Mr. Goldinghain was 
read, relating to Experiments on the Velocity of Sound, made at 
Madras. 


Article XV. 

SCIENTIFIC INTELLIGENCE, ANX> NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. 

T. Splendid Mefeor seen on Oct, 28, 1822. By Mr. Davenport. 

• (To the Editor of the AtniaU Philosophy.y 
SIR, London,, Jan. 18, 1823. 

Will you allow me room in your publication to inquire whether any 
of your correspondents witnessed an extraordinarily fine meteor that 
appeared on the 28th of last October ? 

I was travelling northward on the Hastings* road, and going slowly 
up Silver Hill, which is about 48 miles south-east of London, byroad 
measurement, at about half-past five on the above-mentioned day, the 
sky being clear, the moon shining bright, and nearly full, the sun 
below the horizon, but the twilight still strong ; I saw on a sudden in 
the sky about north-east, a luminous bail, of full one-third the apparent 
diameter of the full moon, giving a remarkably bright and white light. 
Its height above the horizon I consider to have been about 22®; but 
being myself on a steep ascent, 1 could less easily judge of this. It 
passed towards the west in a horizontal direction, and the line of its 
motion, while I saw it, subtending an angle of above 20®, during abodt 
eight seconds of time. Unfortunately, it passed behind a loaded 
waggon ; but as I pushed on to regain the view of it, I thought (but 
was not certain) that I saw a faint remainder of it for an instant. 

If this meteor should have been observed from any distant place, so 
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that by com^rison of the m^pareiit motion, direction, and bearings, its 
height above the earth can le estimated, 1 will endeavour, when I re- 
visit the spot, to ascertain its relative bearings and apparent altitude 
with greater accuracy ; a& I can fix on the spot on the road from which 
I viewed it, and also on the objects in the line over which 1 traced it. 

I am, Sir, your obedient servant, 

Richard Davenfort. 

n. Analysis of the Ashes Reeled from Vesuvius^ during the late 
Eruption, By Prof. V. Pepe, of Naples. 

In ten ounces of these ashes, which correspond to 6000 grains, there 
arct according to this extraordinary analysis, 186 grains of saline sub- 


stances, viz. 

Sulphate of potash 9^ 

Sulphate of soda 44* 

Sulphate of lime 57 

Sulphate of magnesia 16 

Sulphate of alumina 14< 

Hydrochlorate of potash 9 

Hydrochlorate of soda. 31 

180^ 

Loss 

186 

Oxide of aluminium 1800 

Oxide of calcium 300 

Oxide ofsilicium 1200 

Oxide of magnesium 300 

Tritoxide of iron 1800 

Antimony 360 

Gold 131 

Silver , 64 

5966 

Loss 34* 


6000 

^ However scrupulously the distinguished Professor has occupied 
himself m the search of other substances, he has not been able to find 
any more !— (Giornale delle due Sicilie, Nov. 15, 1822.) 

Ill, Tutenag and White Copper of China, 

In the Annals for Sept, last, vol. iv. m 236, we gave from No. 1 3 of 
the Edinburgh Philosophical Journal, TDr. Fyfe’s analysis of the tute- 
nag or white copper of China. In the original paper, Dr. F. com- 
mences with some remarks on the very different statements which have 
been made respecting the composition and origin of tutenag ; but it 
now appears that these may have arisen from the circumstance, that 
the two appellations have been applied promiscuously to two distinct 
substances. In No. 15 of the Edinburgh Journal are some observations 
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on the subject by Sir T. Dick Lauder, Bart. FRSE. in which he states, 
on the authority of a friend employed for many years in the trade 
between China and India, that the substance analyzed by Dr. Fyfe 
is not tutenagy but white copper, the properties of which are totally 
different; ” and he then proceeds as follows : 

The white copper is used by the Chinese themselves, who are so 
jealous of permitting other nations to have it, that its exportation is 
contraband. In defiance of this, however, considerable quantities of it 
are smuggled out of the country, and introduced int)p India, where it is 
considered as a ^reat present to the Hindoos, &c. ^homake domestic 
vessels^ of it. The tutenag, on the contrary, is ,an article of very 
extensive commerce between China and India ; anjfl my friend informs 
me, that it is sent from China in slabs, of which he has had occasion to 
buy and sell many thousands. The slabs are abou^ eight or nine inches 
long, by about five and a half wide, and about five-eighths thick. Its 
colour is greyish; and it is not malleable, but so brittle that it is even 
necessary to use considerable caution in putting (t on ship-board, to 
prevent its being broken by one piece striking against another. The 
fracture has a glittering lustre, and somewhat resembles the appear** 
ance exhibited by that of bad iron ; but the crystallization (if such a 
term may be employed) is larger. It does not rin^, but emits a heavy 
clattering sound. It is employed by the natives of India as an alloy 
for copper, to make brass for their domestic utensils." 


Article XVI. 

NEW SCIENTIFIC BOOKS 


PREPARING FOR PUBMCATtON, 

Dr. Baron, of Gloucester, has undertaken to write an Account of 
the Life of the late Dr. Jenner, and to arrange for publication the 
manuscripts of that distinguished character ; for which purpose all the 
documents in possession of the family, have been committed to hia 
care. 

Mr. Thomas Clarke is preparing for publication a new System of 
Chemical Nomenclature, exhibiting not only the component Parts of 
Compound Substances, but also the precise Proportion of these 
Parts. 

Sir W. Gell has in the press, a Narrative of a Tour thro*ugh the 
Morea, giving an Account of the present State of that Peninsula, and 
its Inhabitants. 

JCST Pf)BLl80ED. 

The Encyclopaedia Metropoliiana, Part 8. 4to. Price I/. Is. 

An Inaugural Lecture on the Study of Chemistry, read at the Ash- 
molean Museum, Nov. 2, 1822. By Charles Daubeny, MD. FRS. 
MGS. Professor of Chemistry, and Fellow of Magdalen College, 
Oxford. 

The British Flower Garden. By Robert Sweet. No. L with Four 
coloured Plates, from Drawings by £. D. Smith. Price 3s. 
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NEW PATENTS. 

H« Ibbotson« Sheffield, fender-manufacturer, for a fender capable of 
being extended or contracted in length, so as to dt fire-places of differ- 
ent dimensions.— Nov. 28. 

J. Dixon, Wolverhampton, Staffordshire, brass-founder, for im- 
provements on cocks, such as are used for drawing off liquids.— 
Nov. 28. 

J. Woollams, Welts, Somersetshire, land agent, for improvements in 
wheeled carriages.*— Dec. 5. 

W. Robson, St. Dunstan’s-hill, Tower-street, printer and stationer, 
Ibr a method to prevent or protect against fraudulent practices upon 
, bankers’ checks, bills of excnange, and various species of mercantile, 
commercial, and other correspondence. — Dec. lO. 

J. Perkins, Fleet-street, late of Philadelphia, engineer, for improve- 
ments in steam-engines. Communicated to him by a foreigner.— 
Dec. lO. 

S. Parker, Argyle-street, Westminster, bronzist, for improvements 
in the construction of lamps. — Dec. 1 0. 

W. Bundy, Fulham, Middlesex, mathematical instrument maker, 
for a machine for breaking, cleaning, and preparing, flax, hemp, and 
other vegetable substances containing fibre. — Dec. 16. 

T. 13. W- Dudley, King-street, Westminster, mechanist, for a 
method of making or manufacturing malleable cast-metal shoes for 
draft and riding horses, and other animals, upon a new and improved 
plan or principle.— Dec. 16. 

J. Nicholson, Brook-street, Lambeth, engineer, for apparatus for 
the more conveniently applying heat to certain instrun^ents of domestic 
use. — Dec. 16. 

J. Dumbell, Howley House, Warrington, Lancashire, merchant, for 
improvements relative to carriages.— Dec. 16. 

J. Bainbridge, Bread- street, Cheapside, merchant, for improvements 
on rotatory steam-engines. Communicated to him by Amos Thayer, 
jun. of Albany, America, mechanist. — Dec. 16. 

M. Wilks, Hartford, Kent, seed-crushcr, for a new method of refin- 
ing^oil produced from seed. — Dec. 20. 

T. Linlev, Sheffield, Yorkshire, hello ws- maker j for a method of 
increasing tne force or power of bellows. — Dec. 20. 

Sir J. Jelf, Oaklans, Gloucestershire, for a combination of machinery 
for working and ornamenting marble and other stone for jams, mantles, 
chimnay-pieces, and other purposes.— ^Dec. 20. 

J. I. Hawkins, Pentonviile, civil engineer, and S. Mordan, Union- 
atrael. City-road, portable pen-maker, for improvements on pencil- 
holders, or port crayons, and on pens, for the purpose of facilitating 
writing and drawing. — Dec. 20. 

" W. Pass, Curtain-road, Shoreditch, dyer, for an improvement in 
calcining and smeliiDg of various descriptions of ores.-^Dec.. 20. 





23t 


Article XVIIR 


METEOROLOGICAL TABLE. 


Barometer. Trermomster. 


Wind. Max. Min. 

Max. 

Min. 

£vap. 

Bain. 

n« 

1 Van 29*94 29*91 

37 

29 



2S 

E 30-02 29 94 

44 

36 

— 

25 

3S 

E 30-02 29-93 

44 

36 

— 


4 3 

E 29*93 2991 

40 

37 

— 

26 

5 3 

E 30 03 29-91 

43 

37 

— 

25 

6 1 

S 30-25 3003’ 

45 

35 

— 


7N 

E 30-30 30-25 

41 

32 



8N 

E 30-25 30-16 

40 

20 

_ 


9N 

E 30- 16 30 05 

32 

21 



10 

E 30-07 30-05 

33 

23 

— 


11 N 

E 30-09 30-08' 

31 

22 

— 


12 N 

E 30 08 29*>S8 

30 

19 

— 


13 N 

E 29-88 29-78 

30 

15 



14 

E 29 78 29-48 

31 

14 

— 


15N 

E 29-55 29*48 

31 

20 


, — ^ 

16'N 

\V 29*58 29*55 

34 

26 



J7N 

W -29-58 29 57 

34 

26 

_ 


18N 

Wj29*69 29-57 

34 

6 

— 


19S 

W 29 89 29-69 

19 

4 



20 N 

W|30-05 29*89 

32 

' 19 

— 

_ 

21 N 

E 30- 13 30 05 

33 

22 



22 N 

£30-13 30 02 

28 

20 

— * 


23 

E 30-02 29*96 

27 

21 



24 N 

E 30-01 29-96 

30 

20 



25 

E 30-01 29*98 

28 

22 

— 

..... 

26 N 

E|29*98 29*89 

31^ 

25 



27iS 

E 29-89 29*68 

40 

29 

_ 

_ 

28 3 

w 29-68,29*33 

4(> 

' 42 

— 

1-05 

298 

E 29-56 29*33 

50 

39 


04 

30' S 

W 29-56 29*34 

46 

40 

— 


31 

E 29*34 28-97 

41 

37 

•42 

20^ 

• 

30-30 28-971 

50 

4 

1 -42 

2-05 


RtROPCU 


The observations in each line of the table apply to a period of twenty-four hours, 
gmning at 9 M. on the day indicated in the totseplumn* A daih denntea that 


beginning at 9 A M- on the day indicated in the to 
the restth isindaded in the next foUoivlng ttoerratioiu 
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. REMARKS. 

^irsi Month. — 1. Cloudy. 2. A gentle thaw with some rain. 3. Fine. 
4. Cloudy. 5. Rainy. 6 — 8. Fine. 9. Hoarfrost: fine. 10. Cloudy. 11. Fine: 
afternoon overcast, 12. Bleak. IS. Some snow this morning. 14. Fine. 15. In a 
heavy snow which commenced this morning, a Hock of some hundreds of wild geese 
passed over us about II, a. m. steering their course to the east. The snow fell to about 
four inches depth on the level. 16. Some snow at 10, p. m. 17. Cloudy. 
18— -20. Much rime on the trees; which, being rather loosdy attached, a part fell as it 
c<dleeted, forming a regular snow shower under the trees: the latter nevertheless 
retained at length a sufficient quantity of the icy foliage to enable them to cast a full 
shadow on the ground as in summer, which had altogether a singular appearance. 
21. Fine. 22—24. Cloudy. 25. It began to snow at three, p. m. and the fall conti- 
nuing through all the niglit, covered the ground to five or six inches on the level. 
26. Cloudy. 27. Some hail at nine, a. ni. followed by rain, which continued till near 
four, p. m. 28. Rain. 29 — 31. Cloudy. During the intense cold of tlie month, 
much ice accumulated in the Thames, die navigation of which was for some considerable 
time suspended for the smaller vessels. The feathered tribes exhibited in various ways 
the appearance of distress usual with tliem on such occasions by changing their quarters, 
and seeking food nearer than usual to the houses and villages. 


RESULTS. 

Winds: NE, 1 J ; E, ti; SE, 6; S, I ; SW, 3 ; NW, 4 ; Var. I. 


Barometer : Mean height 

For the month 29*854 inches* 

For the lunar period, ending the 4tli 30*287 

For 13 days, ending the 2d (moon nortli) '. 30*2.39 

For 14 days, ending the 16th <moon south) • . . 29*046 

For 13 days, ending the 29th (moon north) .••.•••••. 29*828 

Thermometer: Mean height 

For themontli 30*629® 

.. For the lunar period. 33*166 

For SO days, the sun in Capricorn 29*383 

Evaporation 0*42 in. 

2-Oii 

£«t9vM«»y, Straffifrd, Second Month, IWS. R. HOWARD. 
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Article L 

Descnpiioit of a )ii w Allneraf, By Mr. A. Levy, MA, of the 
University of l^aris. 

(1\) the Ivlitor of the Aiuinh of P/ii/osophj/,) 

SIR, (hraf JOissriUstrcfty lihnwtslmryy Afurch 3, 1823. 

[ s\f ALT. a<^aii\ bep; the favour of your inserting in the Ah/mIs 
of PIti/osop/ij/ the crystullographical description of a mineral 
wfiicli 1 cannot vefer to any substance whose primary form has 
been diitennined liitlnnto. It occurs in small brilliant yellowish- 
browii crysfals, with adularia and luincllary crichtonite, and 
comes from DrmpLuny, On account of its colour, accompani- 
iiKUil, and locality, it lias been classed with sphene ; but as it 
will appear from wlral follows, it differs essentially from this last 
substaiK’e. Its hurdiiess is much less than that of sphene ; it 
cleaves very easily in one direction, and the face of cleavage is 
perfectly brilliant. The primary 
form is an uldique rhombic prism, 
fig. 1, in which the .incidence of 
the two lateral planes w, is 
i)(i° l(/, that of the base p on one 
of the lateral planes 99° 40', and 
the ratio lietwceii ano side of the 
i>asc and one of the lateral edges 
nearly that of 10 to 7. The pri- 
mary form of sphene is also an 
oblicjue rhombic prism, but its 
dimensions are diffeicnt. The 
incidence of tlic two lateral 
Neiv ^Scriciif vol. v. 


Fig. I. 


a « 



11 
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planes is 137® 5', and that of the base on one of the lateral 
]>lanes 94® 3'. Sphene presents in the series of its secondary 
forms many oblicpi^ rhombic prisms, the lateral planes of which 
r-ai J produced by modifications either on the lateral edges, two 
of the sides of the base, or the lateral angles ; and the base is, 
either the base of the primary or some secondary plane produced 
by a decrement on the angles a or o. None of these secondary 
oblique rhombic prisms that I have observed, nor any of those 
mentioned by Mr. Rose in the excellent paper on sphene, he has 
published at Berlin, have their planes inclined at the same 
angles as those of the primary of the substance I am describing. 
The secondary oblique prisms of this substance do not either 
in their measurements correspond with any of the oblique rhom- 
bic prisms of sphene. I have also tried whether I could not 
deduce by some law of decrement, the form of this new sub- 
stance from the primary of sphene, and I have found it was not 
possible without assuming very complicated laws. I believe, 
therefore, 1 am entitled to consider it as a new species. Mr. 
lleuland has proposed to me to call it 'J autetiiCy from the name 
of the gentleman in whose collection it was first noticed as a 
distinct species. This tribute is certainly well due to Mr. '^I'ur- 
ner, who has undertaken* with so much readiness and liberality 
the publication of a detailed descri])tion of lus most valuable 
collection. This new substance is very sc.arce, and besides the 
specimen where I have observed it, Mr. Heuland knows but one 
more in England. I could only detach a single crystal of it, and, 
therefore, could not attempt to determine its specific gravity, or 
to liave it analysed, 1 hope the observations I have made may 
induce some others to examine the physical and chemical pro- 
perties of this substance, should they be able to procure it, and 
it is partly for this motive I publish them now. 

The form of the crys- 
tal I have examined is 
represented, fig. 2 ; its 
lanes were sufficiently 
rilliant to measure the 
incidences of any two 
cif them. The reasons 
•for which I took the 
planes m, in prefer- 
ence to the planes mark- 
ed for the lateral 

planes of the primary 
form, are obviously, that 
in the hypothesis 1 have 
made, the planes h\ 
are the result of simple decrements on the lateral edges of the 
primary, and that in the other supposition, they would have 


Fig. 2. 
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been the result of intermediary decrements. For a similar 
reason relative to the face c.,, I have determined the ratio 
between the lateral edge and one side of tl^ base by assuming 
c' to be the result of a decrement by one row on the lateral 
angles of the base. The cleavage I have mentioned before is 
parallel to a plane passing by tiie two small diagonals of the 
liases. The decrements which produce the other faces are 
indicated by the signs written upon them ; and their incidence# 
upon p or nt are as follow : 



Incidence 

on m. 

Incidence on j?. 

m . 

. . 90'’ 

10' . 

99° 

40' 

1 

140 

50 

119 

30 

ti 

100 

28 

153 

52 

e* 



.. 137 

22 

cC 



.. 155 

17 



144 

51 

.. no 

11 

aC 



.. 127 

35 




.. 142 

29 


Kii 

lo 




101 

o 




lOl 

r>.- 

i ... 4 

, . . 90 

0 


It will not lie, perhaps, us(‘loss to remark, that in the oblique 
rhombic prism J have adopted for the j)rimary form, the line 
joining the angle o with its o])posite is not perpendicular to the 
t;dg(i It. A perpendicular drawn from o upon the edge opposed 
to // would cut that line at a distance iTom a little less than the 
two-thirds of the length 1 have assigm^d to it. 

1 am, yours, &c. A. Levy, 


Artici.e II. 

Itc^can hcs inlo the Mathc/nalical Principles of Chemical Philo-- 
soj)hi/. By the Rev. J. B. limmett. 

iCoiulH Cud from vol. iii. ]N. y. p. 4o.S.) 

Greai Ousrbunt, Fch. 22 , 182 :?. 

Sect. 11. On the Constmclion of Liquids, 

Lemma, 1 . — When tlie repulsive force of heat in a solid 
exceeds the force of cohesion, its particles will be separated 
from each other, 

Ijcmma 2. — If (here lie two curves having a common axis, 
and on the same side of it, whose ordinates are inversely as 
some given powders of their abscissa^ ; that curve whose ordi- 

11 2 
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nates vary inversely as the highest power f)f the abscissa, will 
either lie wholly between the other curve and the common axis, 
or will intersect it in one point. 

"Lemma 3. — If the force of attraction vary Inversely as any 
power of the distance, and there be two equal and parallel 
planes ; when the distance between them is very small, their 
mutual attraction varies as the same power of the distance 
inversely, the force belonging to the surface only. 

This follows from lib. 1, Th*op. 90, Newt. Princip. by placing 
instead of a corpuscle at P, a plane parallel to I) L, and making 
the distance A P very small. 

Cor. 1. — If the force of such planes be finite at any finite 
distance, it will be infinite in contact. 

Cor. 2. — The same applies to spheres of indefinitely small 
magnitude, the force beloi»gIng to the surface only ; in contact 
it will not be infinite. 

Prop. I. 

When the pari ides of a solid are separated by the force ot 
heat, they remove to such a distance from each other, thal the 
force of attraction at that distance balances that of repulsion, 
and the body becomes fluid. 

Let A C be two equal 
and similar ])avlicles of 
matter; while they are in 
contact with each other, 
the force of cohesion ex- 
ceeds that of repulsion; 
let the repulsive force of 
heat be increased until it 
overcomes the cohesion ; 
the particles will separate 
(Lemma 1), but the force of cohesion is indefinitely greater tluin 
the attraction of the particles at the least possi[)le distance, and 
vanishes when contact of the ])articles ceases ; llierefore A and 
C become repulsive. Join A C, and bisect A C in B; describe 
the curve T> F H such that its ordinvites are as the forces of 
aVtraction at the distances re[)resented by their respective 
abscissai ; at K erect the perpendicular E K, and D K is the 
entire force of attraction at K, except cohesion. Take E K to 
D K, as the force of repulsion in contact is to that of attraction, 
and describe the curve E F I such, that its ordinates F C are 
always as the force of repulsion; that is, as the <lensity of the 
calorific atniosj)h(‘res at il; this curve approaches AC more 
rapidly than the former, but K is by the liypothesis greatttr 
than -D K; therdore ( l^emma 2), tin? c.nrves will intersect, each 
other, or the forces will b(‘. equal at sonu^ given poiiit F; let fall 
the perpendicular F CJ, and the particles will be in equilibrio at 
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the distance K G ; for at G the ordinates of the two curves are 
equal; tliercfore, the opposite forces are equal to each other: 
also beuveeu G and K the force is repulsive ; beyond K, it is 
centripetal ; therefore, the temperature bein^* uniform, the dist- 
ance between the particles can be only K G, and they are there 
in eejuilibrio between two op]>osite forces ; therefore, they have 
perfec’t freedom of motion round each other ; and a number of 
such particles will constitute a liquid. Q. E, 1). 

Cor . — Under atmosplierical pressure, the distance KG will 
be diminished, so tha( the excess of the force of repulsion above 
that of attraction shall equal the pressure. 

Prop. H. 

To find the order of arrangement of the particles of a liquid. 




Let iherci l)e a system of detacln^d particles,]?, C, A, i?cc. ; 
join their centres B G A, A B, ; arrange them so that th(> 
lines C, G A, A li, ixc. whic.Ii join tim cauitros of contiguous 
particles may Ibi ni stpiares B y\, G F, &C. By the nature of tlie 
tigure, A is surromuled by the greatest possible number of par- 
ticles under the given arrangement. Supj^ose the forces acting 
b-.itween B and G, C and A, A and E, c^c. mutually to balance 
eacli other, then A and B, C and F., ike attract each other 
(Prop. 1.) ; and since A B is equal to GE, the arrangement of the 
system may remain ; but if by any disturbing force, B be brought 
nearer to A, since the distances B C.' A, ike. must remain per- 
manent, B will continually a)>proach towards A ; E and G must 
recede from each otlier, xmtil their mutual attracting forws 
balance tlieir repulsion ; i. e. wlien B A is c([nal to G A, w'hcyi 
also C E is o(|ual to 2 G A ; consecjnently when the triangles 
B CJ A, B V] A, are equilateral. Similarly, since the position of 
G is changed, the equilibrium of G D F A is destroyed, and the 
j)ar(icles U and F will assume the same order of arrangement; 
and the same change must take place throughout the wliole 
system. Again : by the same reasoning, if B and A, G and F?, 
are in equilibrio, B and G, G and A, ike. will be mutually repel- 
lent ; and linally, if disturbed, assume the same order. Thcre- 
Ibre, their arrangement r/, 6, r, //, ike. becomes such that the 
straight lines a 0, hr, c a, ikc.jc'iniug their centres, form equila- 
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teral triangles, in which equilibrium is preserved ; for since the 
particles are equal and similar, and /-#, mutually balance each 
other, b and c, c and «, are in equilibrio ; and if c be brought 
nearer to h or «, it is* repelled (Prop. !•) ; if removed to a greater 
distance, it is attracted ; therefore the triangles a b c, a c e, &c. 
will be equilateral. Q. E. D. 

Prop. III. 

Liquids will be expanded by lieat and contracted by cold. 

It has been demonstrated in a l*ormer paper that by increasing 
the heat, tlie repulsive force of every calorific atmosphere is 
increased; and u})on the surface of a particle of a liquid, it 
exceeds tile force of attraction. Hence (J.emma2), the distance 
of the point in which the forces are in etpiilibrio is increased ; 
therefore the particles sejiarate. (.’onversely, diminisli tlu^hcat, 
and the particles approach, or, in other words, the volume con- 
tracts. Q. E. D. 

Prop. IV. 

Solids absorb heat during fusion. 

By Prop. 1, the particles separate during fusion ; lienee tlie 
calorific atmospheres are enlarged, and particadarly wherti they 
are most dense; therefore, caloric will be absorbed. Q.hb D. 

Co)\ 1— H ence, during fusion, some bodies will absorb more 
heat than others. 

Co?\ 2, — The proportionate ipiantities absorbed during the 
fusion of diflerent solids are measured not by etpial weights, but 
by weights which are proportional to the atomic weights. 

Cor. 3. — Hence solids fuse gradually, and the temperature 
remains constant during fusion. 

Cor. 4. — Hence the temperature of.a solid cannot be elevated 
above a certain point. 

Cor. 5. — Hence the reason of the operation of that class of 
frigorific mixtures which depends upon the solution of crystals 
of saline matter. 

Prop. V. 

Some bodies expand, others contract, during fusion. 



Let A, B, C, D, be four particles of a solid ; join their centres^ 
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mid from A, let fall the perpendicular A E ; let the angle ADC 
be that which the parallelogram has, when the particles are on 
the point of separating from each other. When they have sepa- 
rated, as Oj by Cy d, "the angles are 60® afid 120® respectively 
(Prop. 11.) ; let /’g be the distance to which they separate (the 
liquid having tlie same temperature as the fusing solid) ; from b 
let fall the perpendicular b e, which bisects g/‘and c d. 

The solid A 11 C D : solid a h c d : : Id C A E" : dc x h 
or as A D x A : {A D + f x b e- ; but b e : b c in a 

constant ratio : let b e = * - ; that is = ^ \ therefore, so- 

lid A B C D : solid a i c : : A D x A E^- ^ J Now 


3 . A D* 

AD x A E* may have any value between A D' and ' ' ^ 9 

while is always ^ ' > which may be greater 


or less than tlic foriner according to the value ofj^g; therefore, 
since these quantities admit of indefinite variation, some bodies 
will expand, and others contract. Q. E. D. 


Piiop. VI. 

Liquids will be attracted by solids. 

It has been proved (Prop. 1), that beyond a certain distance, 
tlie entire force exerted by the particles of a liquid is centripetal; 
at all distances the centripetal force of the particles of a solid 
exce^eds tlie repulsive ; tlierefore, the two will attract each 
otlier. Q. E. D. 

Cor. I. — If the mutual attraction of the particles of a liquid 
exceeds their tendency to a solid, a small drop will retain nearly 
a splierical fie^ure upon the surhicc oftiiat solid. 

Cor. 2. — If the mutual attraction of the particles of the liquid 
l>e less than their attraction to the solid, tlie drop will spread 
upon its surface. 

Cor. 3. — Hence in Cor. 1, a small mass of a solid specifically 
heavier than a li<[uid may be made to float upon its surface. 

Cor. 4 . — If two drops of a liquid, constituted as in Cor. 1, be 
])laced upon a hori/ontal polished surface, and very near toge- 
ther, they will attract each other and unite. , 

Cor.b . — If two liquids be mixed, of which the similar parti- 
cles attract each other more powx'rfully than the dissimilar, and 
v/hich ditfer in specilic gravity, they will separate again. 


Prop. VII. 

If a porous solid be moistened with a liquid, the liquid will 
cause expansion of tlie solid; and if equal solids be taken, hav- 
ing unequal pores, the entire expansive forces upon equal sur- 
faces will be inversely as the diameters of the pores ; the solid 
being insoluble. 
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Let A B C D be a capillary pore in any solid ; 
take K any point within it ; immerse the solid 
in the liquid ; it attracts those parts of the liquid 
which are within a clirtain minute distance from 
i"he surface ; these parts tend to enter at E ; and 
since the force of attraction is inversely as the 
square of the distance^ and all liquids are incom- 
pressible, or indefinitely nearly so, the tendency 
will be inversely as the distance of E, and the 
whole force upon one side of that pore will be as 
that side directly and its distance from E 
inversely. Take fi h c d similar to A B C D, and 
e similarly situated to E ; the tendency of the liquid to enter at 
E : that at e. : : « 6 : A B ; but the area of one side A B ; area of 
one a b A B- : it 6“ ; therefore the whole force upon the side 
A B : that upon a & : : A li : a b i now if equal solids be taken, 
the number of such pores contained under equal sections will bo 
inversely as the square of the homologous lines of those pores ; 
hence the whole expansive force acting upon equal surfaces will 
be inversely as the diameters of the pores. Q. E. D. 

Cor. 1. — In diflerent substances, the force will be as the 
actual attraction existing between them and the liquid directly, 
and the magnitude of the j)ores inversely. 

Cor. 2. — When an insoluble solid is immersed in a fluid, if the 
tendency of the liquid to enter its pores be greater than its colie- 
sive force, its parts wall be separated. 

Scholitan: 

By Lemma 2, we may see the reason why corpuscular forces 
are so great as they are found to be, and wliy the forces are cor- 
puscular. The demonstration of this. and several other parts is 
omitted for the sake of brevity, and tliey will subsequently 
appear as a separate work in an enlarged form. From this the 
reason is evident why an elastic fluid of so amazingly great 
rarity as caloric can produce the observed powerful effects ; for 
distances from the surface of a particle being taken in harmouial 
progression, the repulsive force of the calorific atmosphere 
decreases in geometrical progression, and therefore distances 
nuiy be found, such, that this may equal any finite force. Upon 
the same principle depends the immense force of water when 
admitted into the capillary apertures of porous solids. 

Other curious phenomena admit of easy solution. From the 
great tenacity of melted glass, it appears tliat the utmost limit of 
expansion is produced before the glass is melted ; that is, when 
the angles A, B, C, D (Prop. V.) have become right angles, the 
particles are yet preserved in contact by a powerful cohesive 
force. On account of this tenacity and the great rapidity witli 
which it increases as the temperature is reduced, the particles 
cannot readily yield to any force which may be impressed upon 


[April, 

A. » 

jf: 


I 

3> C 
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them; if the glass be iinannealed, i. e. allowed to cool rapidly, 
it liardcns rapidly, aud the particles cannot return to that 
position in which tliey would be placed were the cooling very 
gradual: hence, from a former paper,* the particles may have 
the same position when cold which they had in a fluid state ; 
but if the place of one particle be disturbed, the equilibrium of 
tlie whole system will be destroyed, and the mass, however 
large, will be broken to pieces, by the action of a small piece of 
any liard matter : lienee the peculiar properties of bottles of 
unannealed glass, Prince Rupert's drops, &c. Also, owing to 
the great tenacity of glass at the annealing temperature, by that 
])roc(jss, the ])nrticles can never assume that position in which 
their attracting forces tend to place them ; hence then they will 
always have a tendency to cliange, when the situation of a pait 
is alteied ; the cutting diamond may depend upon this prin- 
cijde. 

The mechanical properties of liquids prove that the repulsive ^ 
force of heat decaeases more rapidly than tlie centripetal force. 
3'he parts ol‘ a Ii([uid have perfect freedom of motion, therefore 
the particles cannot touch each other; since they are at a cer- 
tain distance from t.‘ach other, whicli is permanent, the tempera- 
ture being constant, tliey must be in equilibrio between two 
opposite forces, which are ec^ual at that distance. If the force 
of repulsion vary less rapidly than the other, there may be a 
distance at which the two forces are equal ; but if two particles 
under such circumstances be disturbed, tlie equilibrium is 
diistroyed, aud, il* brought nearer, thc)^ will come into contact ; 
if removed to a greater distance, they will separate indefinitely, 
which is cuiitraiy to tiie fact : if the force of rejiulsion vary 
most rapidly, both forces, Prop. 1. will tend to that point, so 
that the particles can be only at tliat distance lirom each other. 
Again: if the repulsive force, vary less rapidly than the other, 
increase of heat would cause contraction, and vice versa ^ which 
is absurd. 

Cor. 2, Prop. VII. shows why dry unbaked clay, white lead, 
jirussiau blgje, and many other solids, insoluble in water, are 
reduced to a paste when immersed in it; these substances arc 
well known to be sensibly porous, and it is evident that the force 
with which the water tends to enter into and expand the jiores^ 
exceeds the cohesive force of those solids. 

The tenacity of moist clay results from a similar cause. Clay 
also will contract j>erinaneMtly by the application of heat. By 
the first application of heat, tlie water contained in the clay will 
be expelled : it is tlien filled with minute pores ; if the tempera- 
ture be increased, the force of cohesion is considerably dimi- 
nished, and the sides of the pores will have a tendency to 
approach each other ; consequently the volume will contract, 
and the contraction will be permanent. 
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Sect. III. On Gaseous Bodies. 

Lenwia. 

In distances from the particles 
of bodies, such, that the in- 
crease of density of the sur- 
rounding caloric is very small 
compared with its entire density. 

If the force of attraction vary 
inversely as the wth power of 
the distance, and the elastic 
force of caloric be as its density, 
the repulsive force of the calo- 
rific atmosphere will be inverse- 
ly as the n — Itli power of the 
distance. 

Let A P Q be a particle of 
matter; produce the radius A S 
indefinitely ; describe the curve 
D L I, such that its ordinates B D, K L, &c. perpendicular to 
B S, shall be proportional to the force of attraction at B, K, &c. 
Let this particle be immersed in an uniformly diffused elastic 
medium, whose density is B F ; at remote distances A, K, the 
pressure on K : pressure on /c :: S /c : S K. 

Through the point F draw FU parallel, to B S, and if the 
medium were not attracted by A P Q, its density at all points 
A, K, B, &c. would be equal to B F. Take C indefinitely near 
to B; the specific gravity of the elastic medium at B is as B 
X B F ; therefore its pressure at C is as- B D x B F x B C ; 
if this pressure be indefinitely less than the whole elastic force 
of the fluid, its density will be increased by tliis pressure, by a 
quantity which is indefinitely small, compared with the whole 
density, or the fluid may be considered as incompressible by 
the force acting upon it. At the point K, let the density K M 
be increased by the superincumbent pressure, by the quantity 
M (), ^nd let M O be very sma}l compared with K M ; through 
k dravv k o parallel to K O, and O o parallel to K k ; the evanes- 
cent area K m will be less than the evanescent area K o by the 
indefinitely small area M o ; therefore the pressure K L x K M 
X K k is less than the pressure K L x K O x K /c by the 
cjuantity K L x M O x K A:, which is indefinitely small when 
compared with either ; therefore the pressure at k will be inde- 
finitely nearly equal to the sum of all the several pressures K L 
X K k X B F, C li x B C x B F, &:c. ; that is, as the area 

/v B D Z X B F. Let the force of attraction be as . 1, * and the 


15J> V 

^ F ^ 
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lines L D, SB, be produced infinitely ; the area /c B I) Z is as 

Q. E. D. 

A Jv“-‘ 

Cor. ] . — If the force of attraction b(? inversely as the square 
of the distance, the force is as — 

Iv 

Cor, 2. — The [greater A K is taken, the nearer will this 
approximate to the truth. 

Cor. 3. — If at equal distances the forces of different particles 
be difibient, the areas B D K L at those distances will be as 
those forces. 

('or. "1. — If the density of the medium vary, the area B D K L 
will be as that density. 

Cor.f ). — If different particles be placed in similarly constituted 
media ofditl'erent densities, the areas B DK L at equal distances 
will be as their forces of attraction and the densities of the^ 
media. 

Prop. I. 


When a licpiid lias attaine* 
become mutually repulsive, ! 

l^et Q H B be a par- 
ticle of matter, A its 
centre; draw the right 
line AC; and at B 
(haw t1.ie tangent BD. 
describe the curve 
\\ M P, suc.li, that its 
ordinal es T il, i\l 1, 

^c, may be propor- 
tional to the force of 
attraction al the dist- 
ances BiJ, i)l,i?vc. In 


a cendain ti.unperaf ure, 
id it becomes gaseous. 


D 

1 . 



its particles 



li([uids, the force of 

repulsion exceeds that of attraclion on the surface (Sect. 2, 
Prvq). I). Take B L) to represent the force of repulsion, and 
let the curve B S G O be such that its ordinates are as the 


forces ol* repulsion at the half distance of tlieir abscissic. 
Within a certain distance of B, ilic curve DSG O will approach 
the axis more rapidly than E F M, and will, therefore, intersect 
it in some point F (Lemma 3, Sect. 2) ; therefore at H, the 
fi)rc.es will balance each other. Beyond a certain distance, the 
curve D S G O will approach the axis less rapidly than D F M 
(Sect 3, Lemma), and will, therefore, intersect it in some otlier 
point G. Increase the heat, and the ])oints Jl and K will conti- 
nually approach each other, until, at a certain temperature, they 
meet in some point 1 ; draw the perpendicular I M, and the 
curve DS G O, i. c. at a higher temperature LM N is a tangent 
to the curve E F M P at M ; hence between li and I the force 
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is wholly rc^pulsive ; at I evanescent; beyond I repulsive in 
injimtuni. If the heat be increased by the smallest possible 
quantity, the particles must separate until tin; Ibrce of repulsion 
is balanced by some ext^irnal force. Q. K. D. 

Cor. 1. — Under tlie pressure of the atmosplieie or any other 
external compression, a liquid will become gaseous at a higher 
temperature than in vacuo. 

Cor. 2. — The greater this pressure is, the higher will be the 
temperature required. 

Cor. 3. — Some bodies may become gaseous, without previously 
entering into a state of fusion; for II and K may coincides before 
cohesion is destroyed. 

Cor. 4. — Such bodies may bt‘ fused under a strong ])rossure. 

Cor. 5. — A liquid boils in vacuo, wlicu II and K coinciiie. 

Cor. G. — Under pressure, at the point M, the boiling pcjint is 
attained when the repulsive force exceeds the centripeial by a 
' quantity equal to the coniprossiiig force. 

Cor. 7. — The temperature of a boiling liejuid is the same as 
that of the disengaged vapour. 

Puor. II. 

Caloric is absorbed during evaporation. 

From the ratio between the specific gravities of the same 
body in a solid or liquid, and in a gaseous stat<^ it is civiihmt 
that in the latter, the particles are separated ti> a great distanct^ 
from each otlier ; therefore their calorific atmospheres art* 
enlarged, and heat is absorbed. Q. K. D. 

Cor. 1. — The specific lieat of any body is greater when it is 
elastic, than when in a solid or liejuid state. 

Cor. 2. — Hence the action of frigorilic processes which depend 
upon evaporation. 

Cor. 3. — Heat w'ill be evolved when a gas is resolved into a 
liquid or solid state. 

Prop. III. 


I 



A 


© 


At a given tem])erature, the elastic force of a gas will be nearly 
inversely as its volume. 

By Lemma 1, Sect, 3, the elas- 
tic forc^ of a particle of a gas is 
inversely as the distance from its 
surface ; therefore, neglecting the 
force with wliicdi the ])arficles at- 
tract each other, the elastic force 
of a gas will be inversely as its 
volume ; for let A, B, C, D, &c. 
be a number of particles of a gas, 
they are equal and at all equal 
distances, their forces are equal, 
by the hypothesis. Bisect the 
distance F G in II, and join D H ; then, since F H is equal to 



:r: 
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H G, the elastic force of the atmosphere of F is etjual to that of 
G in the point H. Bisect D F in K, and through K draw L M 
at right angles to it, which will cut D 1 . J) H, in L and M ; join 
L F, F M ; then, since 1) K, K F, arc equal, the atmospheres of 
D and F vire ecpnxlly elastic at that point; because D L is e(|ual 
to F L, they are equally dense at L; also at M ; or if any other 
point be takcji in L i\l, and 1) ;/, // bo joined, the forces will 

be ec[ual at tliat ])oint ; and if the solid tigure be taken, the 
elastic forces of tlie atmospheres of J) aiid F will be equal in 
every point of the hexagonal plane passing through Iv, to which 
D F is perpendicular ; therefore, the entire repulsion between 
those particles takes place in that plane; and the same may be 
])roved of ail the other particles ; therefore, since the angles 
L F K, K F' Al, are constant, as the density varies, all the lines 
L F K, L D, have to each other a constant ratio ; and by 
v^ect. 3, Lemma, density at K : tliat at iVl in a constant ratio, 
and since the elastic force at K is inversely as K F, that at L is 
inversely K F, and the same may be provetl of tlie entire; 
repulsive! force ; therefore, the entire repulsive force between the 
two particles D and F will be inversely as J) F ; ther efore, by 
Newton’s Frincip. lib. 2, Prop. 23, the elastic force of the gas 
will be inv(;rsely as the volume;. Q. E. D. 

Cor, 1. — If the compression be such that the force of attrac- 
tion l)ct\ve(;n the; particles produce any sensible etfec^t, having 
given the ratio of the I'orces at any givear flistaiice, the force will 

be as eacli term being multiplied by the I’orco at that 

giv(;u distaiu'o. 

Cor. "2 , — If tin: gas be; higlily compressed, its elastic force will 
increase in a higlier inverse ratiej than that of its volume. 


Srhohu tt. 

If the force of a.tt.ractit)ii vary inve rsely as the cube of the; dist- 
ance, the cube; of the compressing force will be as the fourth 
power ejt* the; denisity. If I he iorct; ofattraction be as tlie; fourth 
jjower ot‘ the distance inversely, the; e'ube of the compressing 
force will be; as tlie fil th power of the density. 

Phov. IV. 

m 

Gases will be' expanded l>y lieat, and conlractecl by cold, their 
elastic force be ing constant. 

J.et the elastic force; of a confinejd portion of a gas lie balance;d 
by the pressure; of the air; heat it, and the e;lastic force of the 
caluiitu; at m<.)splH.‘res of its particles will be incre;ase(l; therefore, 
the particles will have a tenelency U) separate from (;ach other; 
the gas will ex[)aiul ; but the force <_>f each particle is inversely 
as the; distance ; therefore, a distance will be found, such, tlial 
the gas will again be in cquihbrio with the external air, and con- 
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sequently the expansion will proceed until this distance is 
attained. The converse will take place by coolin*^. Q. E. D, 

^ Prop. V. 

The elastic force being constant, the change, produced in 
ecpial volumes of dilfcrent 
gases by the same variation 
of temperature, will be equal. 

I.et A D be the radius of 
a particle of a gas produced ; 
let E F G be the curve whose 
ordinates represent the force 
of attraction at the distances 
of their respective abscissju ; 
these multiplied into the -A B C n 

"density of the surrounding caloric give the density of the caloric 
at those points ; therefore the pressure at B is as the area 
E F G D B. Let the density of the surrounding caloric be 
increased, and be to its former density as n : 1 ; represent this 
by the curve H I K ; then the area B FI G i) : area B tl KB :: 1 : tt 
and area B f I K D : area C 1 K I) :: A C : A B; thereibre, the 
area B E G B : area C I K B : : A C : A B. 

Let the area BE G D be equal to the area C I K B ; then AG 
cr: n . A B or A C : A B r : 1 ; or the distance between the 

E articles will be as the change of temperature, force of attraction 
eing neglected. Q. IL 1). 

Cor , — If B be the density of caloric, oj* true temperature from 
zero, the volume of a gas will be as B *, when the particles are 
so distant that the compression of the caloric bears an insensible 
ratio to its whole density. 



Scholiiun, 

Hence may be established a remarkable difference between 
gases and vapours ; in the former great elastic force remains at 
a temperature at which the latter become liquid or Sv:)li(l ; there- 
fore in gases the deviation from the laws of expansion will be 
much less than in vapours ; in the latter, there will be variations, 
Jicreafter to be investigated, which will be the greatest in the 
least volatile matters. 

Prop. VI. 

Heat will be evolved by the sudden compression of a gas or 
vapour ; for by compression the calorific atmospheres of the 
particles are diminished ; therefore, part of the heat which was 
latent becomes sensible. Q. E. B. 

Cor . — Cold results from the sudden rarefaction of gaseous 
matter. 
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PllOl*. VII. 

Gases are attracted hy solids or liquids, whether they do or 
do not exert on them any chemical action. 

From the nature of attraction, the particles of a gas when 
indefinitely near the surface of solid or liquid matter, will tend 
to it ; therefore upon the surface of every substance w^hich is 
surrounded by any gas or vapour, there will be an atmosphere 
of that gas or vnpour, of very small extent, whose density is 
greater than that of the surrounding medium, whose increased 
( lastic force is balanced by that of the surrounding medium, and 
its tendency to the body. Q. F. D. 

Cor. 1. — Hence bodies which are filled with minute pores will 
absorb large quantities of gaseous matter. 

Coi\ 2.— -Hence liquids will contain air for which they may 
have no chemical attraction. < 

Cor. 3. — The rays of light will be refracted and dispersed by 
passing near the surface of any solid ; this wall be distinct from 
inllection. 

Cor, 4, — ^When a dry porous body, freed from air, is brought 
into any gas or vapour, its temperature will bti increased. 

Cor, f), — All bodies may be more or less perfectly freed from 
air by being heated, or placed under an exhausted receiver. 

Sclioliifm. 

Prop. G and 7 explain some curious phenomena. Charcoal 
and other very dry ])orous substances absorb a large quantity of 
any gas or vaj)Our in which they are immersed, the volume of 
gjiN absorbed being many limes greater than that of the solid ’; 

very dry impalpable ])owa]ers cannot be readily mixed 
with liquids. Hence also daring the absorption of a gas by a 
porous solid, heat will be evolved, and upon this principle, the 
common pyrophorus seems to act. 

Ccncral Remarks upon Chemical Atfractioii, 

Chemical attraction is distinguished from that which produces 
mere mechanical effects, by many remarkable diflerencos in the 
properties of the resulting compounds. 

Introduce an inflamed stream of hydrogen into a vessel of 
oxygen gas ; both gases w'ill rapidly be condensed, and the 
only proiluct will be w ater. In this experiment, the gases enter 
into chemical union, i. e. into that state of coiabination in which 
the attraction subsisting between the particles of tluj oxygen and 
liydrogea gases, overcomes their elastic force, and is greater 
than the force exerted by like particles upon each other; hence 
the water may be congealed, reduced to a state of vapour, or 
enter into many combinations, without any decomposition tak- 
ing place. The sensible qualities of the gases are totally 
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changed ; oxygen gas is a powerful supporter of combustion ; 
hydrogen gas is highly inflaimnable ; their compound is equally 
destitute of either of these properties ; water may be con- 
gealed, but at the lowest temperature hitherto produced, each 
clement retains its gaseous state. 

Into a vessel of carbonic acid gas introduce a stream ofammo- 
niacal gas ; the gases will ultimately disappear, and a white 
crystallized solid will result, which retains tiie properties of the 
ammonia in a mild form, but none of those which distinguish the 
acid. 

If dry nitrous gas and oxygen gas be mixed in proper propor- 
tions, the volume is reduced to one half ; the gases, which were 
invisible, assume a deep-orange colour ; each was destitute of 
acid properties ; the compound is a powerful acid. 

By combination, solids sometimes become liquid or gaseous. 
Mix together a solid amalgam of zinc with one of bismuth ; the 
mixture becomes fluid. Burn a piece of charcoal in a confined 
portion of oxygen gas ; the charcoal disappears, and carbonic 
acid gas is produced : the charcoal, therefore, by combination 
assumes a gaseous state. Similarly, mix dry muriate of lime 
and snow at a very low temperature ; they rapidly become 
liquid. 

The colours of bodies are often changed; dissolve ])eroxide 
of iron in sulphuric acid ; into one portion dro]) solution of 
prussiate of potash, an intense blue precipitate is formed ; into 
another portion pour solution of hydrosulphuret of potash, the 
precipitate is black ; into a third pour ‘subcarbonate of ))otash, 
Sind a yellowish-red precipitate is obtained ; with arsenite of 
potash, a dull yellow. 

The forces which produce chemical changes often act with 
extreme violence ; place a thin slice of pliosphonis upon a grain 
or two of hyperoxymuriate of potash ; give it a gentle, blow with 
a hammer, and a most violent detonation will follow. 

During combination, a change of temperature takes place. 
Mix four parts of dry lime with one of water; the water lostis its 
fluidity, for thelime remains dry, and much heat is excited. Intro- 
duce phosphorus, pulverized antimony, or bismuth into chlorine 
gas ; the gas will be absorbed, and brilliant combustion ensues ; and 
in all cases, if the volume be reduced, heat is excited; if increased, 
or if solids become liquid, or liquids, gaseous, cold is produced. 
Again, bodies which are susceptible of chemical union, combine 
only in certain definite proportions ; thus in water, the weight 
of oxygen has to that of the hydrogen a constant ratio. If* 
bodies can combine in two, three, or more different proportions, 
the ratio of the quantities of one of the elements to a given 
weight of tlie other will be us the numbers, 1, 2, 3, ike. The 
force of chemical attraction is not the same in all bodies of the 
same class, as is manifest from the various cases of simple and 
compound decomposition. These, and all other chemical changes 
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are the result of the operation of the two great powers, attrac- 
tion and the repulsive force of caloric, lii the present state of 
(‘heiuical science, from the want of some important data, we 
cannot estimate the efiect of these forces, nor compare the 
relative forces of chemical attraction, which is very different to 
the order of decomposition ; for it is affected and even inverted 
by the following causes, the results of thti operation of the pri- 
mary forces upon similar particles. 

1. Temperature, — Heat mercury to nearly its boiling point 
during several days, giving it access of air ; it wall be converted 
into a red oxide ; heat this nearly to ignition, tlu! mercury 
reassumes its metallic state, and oxygen gas is evolved. At the 
usual temperature of the air, the attraction of the particles of 
mercury for each other, and the elasticity of tlie oxygen gas, 
prev(‘nt their unii)n : at a (certain temperature, the l()rni('r foice is 
so far diminishc'd, that they combine : at a temperature 
approaching to ignition, the mercury becomes elastic, and the 
elasl icily of llie oxygen is amazingly increased, and they are 
agaiii sepaialed: similarly, at the ordinary temperature of the 
air, sul[>huri(* (^r uiurialic* acid will separale the borat ic frtjm its 
combination with alkaline or ('arlhy bast s ; the (‘ontiary takes 
place at a red heat, evidently because tlie sul[)iiuric and muriatic, 
acids, from (heir (endeiitiy to ])econie elastic, are united to the 
bases by a less force* than at a lowca* tein[)crature. Many other 
c.as(‘s might be advaiuHvl lo ])r()ve that i\ni apparent ultractioiis 
(jf bodies Tor each other are changed by variations of tempera- 
ture, which acts in two ways ; first, when it favours cliemical 
union, it tliininisht-s th(3 cohesive force of one or inorti sub- 
stances ; secondly, when it edects decomposition, it is by giving 
to oiui ehanent at least a tendency to becajiiui elastic. Hence 
lal>les of chemical att raction servo for only one tcmj)evatare. 

2. IC/asticity, — This might have Iko n considered solely as a 
result of tiui last, t ause, but it acts in various ])coailiar ways at 
tln^ ordinary temperature, and on lliis account de.sca*ves a sepa- 
rate place, (carbonic acid is t*laslic at all Imnperaiures, and 
]>robably lias a greater tendem^y to a gaseous state than any 
otiier. Its po\\’ei- of saturation is very great, and the force with 
whicli it adlieres to many Ivases is peculiarly ])ow^erful, yet it is 
separated from its eombi nations by every other acid, doubtless, 
in pai't at least, from its great Uuidency to tlu? elastic state a! all 
temperatures. And, in gciu?ra1, bodies which are volatile are 
separated from their compoiuuls more easily than those Vvhii‘.h 
are lixed. lienee carbonic acid will lu^t unite with dry lime, but 
with its hydrate ; and phosphorous wail not shine in pure oxygen 
gas. 

3. Cohesion promotes combination wlien the body to be 
formed has a great cohesive force, and those to be st^parated are 
elastic, fluid or soluble, in the menstruum employed, it opposiis 
it when the substance used for deconipo*iilion has a cohesive 

Neiv Series y vou. v. s 
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force greater than the other assisting forces. For example, in 
aolution, potash and soda separate all the metallic oxides from 
most acids, because, by reason of c.ohesitm, the oxides are inso- 
luble. Barytes separates potash and soda from most of their 
salts, and nearly all the resulting compounds of barytes are inso- 
luble. Lime separates tlu ni from those acids witli which it 
forms insoluble compounds, but in no other cases. Although 
the force does not becunie actual cohesion, until the compound 
is formed, we here* see the operation of t he force which nlli- 
mately produces coluision, while the particles are yet separated. 
These remarks need not be further extended, since they are 
obvious to (^very reader. 

Blectricity appears to be niost intimately cmmecled with tins 
subject. 111 all cases of electrical excitation, the opposite states 
are always exhibited in such pro])orti()ii as will lautaally neu- 
Irali’/e each other, whether excited in ti\e oidinaiy mannc'r, or 
by chemical agency, as in the galvanic smics. If cfun[)omul 
bodies, as neutral salts, be exposed to tlie o[)eration of the gal- 
vanic battery, the princijilcs are sejjaraled from ( aeh ('>ther ; oxy- 
gen, chlorine, and acids appear at the positive pide, while hytlro- 
geii, azote, and iiitiauimable matter, togetlier with e arths, alka- 
lies, and metallic oxides, teml to tlie negative ; and those bodies 
which unite with the greatest ibreti ditler nu»st in their natural 
electric energy. Kh'ctricity is excil<‘fl by the contact of dissi- 
milar bodies, when the saimt relation is obsin ved, with tins ])ecu- 
liar difference, that bodies ol‘ tluj same class Inive ditierent 
degrees of electric energy, whereby, afti‘r contact, the two eh.c- 
tricitics are exhibited. VVlietlier elet'nicity be tln^ cause (jf 
chemical combination or a couiiU.racling force, cannot yi't be 
determined; and for the purposes of researc'ii, it is not r.iatenal 
that this should be decided. However, until the sevei al clec iiic 
energies of bodies be deterniine.d, us well as the relation of lln^ 
electric energy to caloric, to the atomic weiglit, specihe gravity, 
&c. nothing can be determined wilii ceruiiuty. 1 tliercdbre 
withhold further researches into the nature, tec. of cluniiicul 
combination for the present, except that all tables of capacities 
of bodies lor heat, exjiansion, iic. sliould be coni[)uted lor 
weights proportional to the atomic weights, for then they repre- 
sent tile capacities, ike. of single atoms ; this is must conspicu- 
ous in cases of combuslion. Since lii'at is evolved during that 
process, there must be a diminution of capacaty ; if, tlierefore, 
we add the atomic capacities of tlie bodies, and I’rom the sum 
subtract the atomic capacity of tlie product (tliat is, tlie capacity 
of a w^eight of the product, equal to the sum of the weights of 
the ingredients consumed), the remainder will Ik; tlie pix^poition 
of the diminution of capacity, or of tlie licat evolved ; for 
example, the atomic capacity of hydrogen gas is 2*<S2 ; tliat of 
oxygen is 4*75; the sum is 7*,i7 ; the capacity of an atom (4' 
aqueous vapour is 1*75; therefore, 5*82 is the heat evolved. 
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Similarly, the atomic capacity of carbon is 1’95 ; twice the 
atomic capacity of oxygen is 9*5 ; the sum 9*695 ; the atomic 
capacity of carbonic acid is 2*887 ; i. o. 6*808 is the quantity of 
caloric evolved. Until we are furnished with the above data, 
and particularly with the precise relation of electricity to chemi- 
cal attraction and caloric, it will be vain to attempt to institute 
any researches into the principles of chemical philosophy ; and, 
in all computations, tables must be constructed for the atomic 
weights of bodies in every case. For the table of atomic capa- 
cities, the argument is, atomic Aveight x capacities of equal 
weights. 

Heat evolved by combustion or combination : argument, 
sum of tile atomic capacities of the bodies combined **— atomic 
capacity of the compound. 

. . ... ^ atomic weight 

Atomic ex|:iausiuu m volume: argument, _ , m 

t o ^ specific gravity 

length, the cube root of the above quantity. 


C'enducting ])o\V(;r.s : 


argumeul. 




{ atomic weiglit 
specific gravity 


} 


for 


ibf' lengths of the metallic rods on which the experiment is to 
he mad(', in order to olitain the true ratio of the conducting* 
powers. 


Article III. 

Ah.<lr(ict o/* a Memoir cnfillcd An Aiienipt to ascertain the 
i.'hcNiicai Composition o/' i hose Minerals v hich possess ihc same 
Cn/sl(illinc lun in as Pyr^ reneJ^ 13y 11, Jtose. 

(Cojirludrd /'/ nffi p. • ) 

4. Pi/ru.icitcs, icil/i 1/imc an<l J^roloxuh" (>f' ALmgime.st; as liases. 

red silicate of manganese from Laiighanshy ttaii, in 
W erme 1 a lul , S we d e 1 1 . 

Tills mineral (maiiganeso oxide silicil‘c*re rouges de IM. Ilaiiy) 
o(‘eiirs <geu('rally tinly massive ontlie I lartz,Sihena, Transylvania, 
and near Langhaiisliyttan, wit li a distinct foliated texture identical 
with ])yro\ene, which is lurther proved liy an analysis of J^puf. 
Berzelius, according to whom it is a hisilicato of protoxide oi* 
manganoso combined u it h some hisilicato of lime. 

I'he result of his analysis was : 

Silitai d8*()() containing ovvgen 23*80 

Brotuxide ofiuangaiiose 49'0 1 i0*7<i 

lame 7 3*12 0*87 

Magne.sia 0*22 

Oxnleofiroii Trace 


lUO'h.S 
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It is, therefore, a bisilicate of protoxide of manganese com- 
bined with a small quantity of bisilicate of lime. 

Besides the pyroxenes of these four divisions, there exist in 
nature also some which contain alumina as a real constituent 
part. They are rare, and the quantity of alumina which occurs 
in them never amounts to more than seven per cent. The alu- 
mina, which contains three atoms of oxygen, is not isornorphous 
with the bases containing two atoms of oxygen, and its presence 
in the pyroxenes is still enigmatical. It seems that in propor- 
tion as the quantity of alumina increases, that of the silica 
decreases, so that it is not improbable that it does not exist as 
a silicate in the pyroxenes, but as an aluminate, of which the 
electronegative constituent part may be isomorphous with silica. 
Such pyroxenes which contain alumina are the black pyroxene 
from Frascati analysed by Klaproth,^' the pyroxene from 
iEtna analysed by V'^autiuelin, and the black pyroxene from 
Pargas analysed liy Nordenskiuld. 

The greater part of the pyroxenes analysed by M. Rose 
were fragments taken from massive pieces, wdth a very distinct 
foliated fracture. In this state, the minerals contain less 
foreign admixtures than when they are crystallized. In this 
case, the crystals are generally large, and have distinct faces ; 
but between the laminm very distinct admixtures may be disco- 
vered, and so many traces of the matrix that they may be seen 
with the unassisted eye. lathe beautifully crystalli'/ed pyroxene 
from Frascati, the naked eye discovers many such foreign admix- 
tures, while even with a glass none can be found in the massive 
white inalacolite from Orrrjervi. 

The pyroxenes analysed by M. Rose were ‘all measured by 
Prof. Mitscherlich, and found to be real ])yroxcnes. The incli- 
nations of the two sides, and of the terminal face, approached 
to the numbers given by llaliy, and agreed completely with the 
measurement of Pliillips. Ihese cleavages occurred on the 
inalacolite from Orrijervi, the yellow variety from Langbanshyt- 
tan, thougli they were not so clear in the Iiedenbergitc, in 
both malacolites IVoni Bjonnyreooeden, or the hard sahlite. 

The pyroxene from Taberg is the only one of those ana- 
lysed by M. Rose, which is well crystallized. The red sili- 
cat<i of manganese from 1/angbanshyttaa shows only the 
cleavage parallel to the sides, and the truncations of the 
acute and obtuse solid angles. The inclination of the sides 
is the same as that mentioned by Huiiy as belonging to 


* Klaproth fouml alumina in till pyroxenes, wliich lie has published an aceount 
in the collection of his analyses; however, among tlicm all, the pyroxene from Fras- 
cati only is a real pyroxene ; the augit from the Sanalpe is hornblende ; the slaggy augit 
from Sicilia which is not crystallized is, according to Prof. W^eiss, an obsidian ; the 
common augits from the Khon mountains arc not crystallized, and no trace of foliatetl 
fracture cao be didcerued in them. 
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pyroxene. The cleavage is very indistinct in the soft sahlites 
which contain serpentine. Their external similarity only with 
the hard sahlite, from Sahla, was the reason which induced M. 
Rose to analyse them. It was necessarV to repeat this analysis 
often as it gave qnc^stionahle results, until at last no doubt could 
1 email! about their true chemical nature. The cleavages parallel 
to the sides of the prisms and its (riincations only were observ- 
able, and very indistinct; the terminal face could not at all 
bf', disc(nncd. This imperfect crystalline structurti depended 
evidently upon l)ie foreign admixtLae of ser])entine. 


Article IV. 

Some Experiments and Researches on the Saline Coniextfs o/' Sea-- 
iratei'y undertaken with a Viem to correct and improve its 
Chemical Anahfsis. Jly Alexander iMarctd-, MD. FRS. 
Honorary Professor of Cliemistry at Geneva/^ 

In a paper on tlie temperature and saltness of various S('as, 
which tim I'oyal S 'ciety did nn^ llu^ honour to ]nib!ish in tlieir 
Transactions for tin* year 18111, I threw out a conjecture, that 
tlie s(ja might contain minute tpiantities of every substance in 
nature, wliicli is solul)h.' in water. For tlie ocean having corn- 
Tnimiiaition with every part of tlu' earth through the rivers, all of 
which r.ltimately pour their waters into it; and soluble sub- 
stauees, even sik'Ii as are theoretically incompatitde with each 
otheng being almost in e\evy instance capable of co-i^xisting in 
solution, providevl the (juantities be very minutig I could sec no 
reason why the ocean sliould not be a general receptacle of all 
bodies w'hich can be held in solution. And although it will 
appear iVoiu the following a<a',ount, that I have been unsuccess- 
ful in some ol’^ny att(n)i])ts to prova; the trutli of this conjecture, 
it may fairly i)e asm'ihed either to a want of suflicient accuracy 
ill our present methods of ediemical analysis, or of the requisite 
degree of skill in the operator. 

Some time after the communication to which I have just 
referred, an extraordinary statement was pointed out to me, 
iqion the authority of Rouelh', a ITcneh chemist of the last cen- 
tury, from which it a[)pearefl that mercury was contained in sea 
salt :T and 1 saw soon after in the Annales flu Musee, vol. vii. a 
paper by the' celebrated chtnnist Proust, w ho, in a great measure, 

• From the rihlosophical Transactions for 1S22. Part II. 
f SesJ Journal tie 3Icdccinc, vof xlviii. nil 7, page 
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confirmed that statement, by announcinj^ that he liad found 
traces of mercury in all the specimens of marine acid which lie 
had examined. 

Improbable as the fact appeared, I thought it worth while to 
repeat the experiment, and to take that op[)ortunity of making 
some collateral researches upon other substances, much more 
likely than mercury to be discovered in sea water. 

For this purpose I availed myself of the kindness of my friend 
Mr. John liarry,* who happened to be in the vicinity of Ports- 
mouth, to supply me with specimens of sea-water, carefully con- 
centrated upon tlio s]>ot, in vessels of Wedgwood ware, and with 
scrupulous attention to cleanliness in the process. Accordingly 
he was so obliging, vls not only to send me a quantity of l)rine 
evaporated under his own eye, in the manner just mentioned, 
but he also collected for me a valuable series of specimens IVom 
llie salt works near Portsmouth, Irom all the stages of the j)ro- 
cess, so as to alford me an opportunity of investigating with 
accuracy all the chemical circumstances of this iutercstiiig 
branch of national economy. Finding myself, however, much 

E ressed by time at this late period of the session, I shall, after 
rietly adverting to llouelle’s supposed discovery, coniine 
myseifin this communication to a fewM)bscrvations which I have 
made on sea-water itself; keeping out of view, for tlie pi\‘seiit, 
tlic topic of salt-making, which-, however, 1 intend to resume at 
lioiiie future })criod, in a more complete' and satisfactory uuuincr. 

1 first attempted to detect mercury in a specimen of 
such as is obtained in tJie salt-works near Portsmouth, by spon- 
taneous evaporation, This variety of salt forms large crystals, 
but is always more or less contaminated .by earthy matter, 
wdiich gives it a dirty appearance. It Iras, probably, a general 
resemblance to the French Scl dc Cabeile, w hicli is more impure 
still, though, I believe, obtained in a similar manner. (* • 

Fight ounces of this salt w^ere put into a coated retort con- 
nected with a receiver, and about four ounces of nitrous acid 
were poured upon it. A pretty brisk action took place, which 
was further increased by the application of heat ; fumes of chlo- 
rine were immediately disengaged, and a reddish Huid condensed 
in thu receiver; the heat was coiilnuied, and gradually raised in 
a charcoal fire till no acid or moisture any longer came over ; at 
whicli time a new emission of red fumes indicated that the 
nitrate Ibrmed in the retort v.'as beginning to ]>art with its acid ; 
minute drops of fused salt soon bedewed the npjier jiart and 
neck of the retort, so as to be mistaken at first for a suldimat(i. 
This, however, proved to be almost solely muriate of soda ; and 


• IMr. .Tolin Barry, of Plough Court, inventor of a new aiul valiuahlc ]>rocess for pre- 
paring:^ extracts in vacuo, &c. 

•|“ The name of bay aalt is often applied to foreign as well as British Silt, and in 
general it simply denotes that the salt has been obtained by spontaneous evaporation. 
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on careful examination, it did not appear to contain the smallest 
atom of corrosive sublimate. 

I next dissolved five or six pounds of bay-salt in water, and 
collected in a lilter the insoluble eavtl^ sediment, in whicJi 
1t( uielle staled that the (piicksilvcr was usually found. This 
sediment bciing carefully dried, and heated to redness in a coated 
retorn, a white sublimate arose, and condensed on the neck of 
the retort ; ljut tliis suhlimatti proved to be muriate of ammonia, 
and did not c.ontain the smallest ])ortion of corrosive sublimate, 
<»r other mercurial salt. This sal-ammoniac, though evidently 
lormed during tlie flistillatiou Irom the vc^getable and animal 
matter contained in the sediment, suggested to me the id(^a of 
looking for ammonia amongst the contents of sea-water. 

I now suhmitUal some Sol de (labelhg which 1 had procured 
Jrom (Calais for the purpose, to similar experiments, and the 
s(.*clinumt, also, was careinlly cxannnecl. Tlui result was essen- 
tially the sauu! as with tlu'. hay-sait. Aftiu' adding nitric acid to 
llie salt, tlu‘ heat was gradually pc.shed to rechuiss : and when 
all the moisture was evaporated, a white suhliinaUi appeared, as 
ill tlui former cas<', whu'h, in this instance, ])rovod to consist 
almost entirely ot nitrate of soda ; hut, always without the 
i(‘ast particle of mcr<‘iirial salt, and without, any muriate of 
ammonia.- 

I thei'ef >re, think mys dl* juslihed in comdnding that the mer- 
cury, which otluu' clu nusts hav(^ directed in s(‘a-sall or its pro- 
fliicts, imistliave been introduced tlune from scjine local or acci- 
< leutal circ* must a iic,es . 

Ju experimmits upon sta-salt, or in. geiJC‘ral upon tlie saline 
contents of the sea, it is obvious that, in orilin* to exclude 
sources of error, it is neci'ssavy to operate upon pure sea- 
water, and not upon salts olitained Vom it by the usual pro- 
cesses in tlie large ^vay, these being always more or less conta- 
minated by tin? clav pits in which the evaporation is carried on, 
by the. metallii! boilers, or other adventitious causes. I, there- 
fore, now^ turned mv attimtiou to tlu! sea-wati‘r itself, and in par- 
ticular, the perj'ei ily ])iirc and transparent spm-imen of concen- 
trated brine I’rom tlie (diamic I, w liicii I have abovt! mentioned. 
iMr. I3arry procured this water near Ijcmbridge floating lig;ht, 
about two miles nortli-east of the eastern extremity of the Islg of 
AVight, and tlie evaporation which it liad undergone at l^orts- 
mouth, had <»nly se[)aral(Ml from it a (piantity of calcareous 
matter, prin(M[>aUy stdiaiite. f 

* In the tonner expcrimcjit the svibliniiite was prinripnlly muriate of soda, owing, 
no doubt, to the <lceoni])osiLion lia\ing been less eoniplete, and the o]>eration less gra- 
dually conducted than in the latter experbneiit. 

t Tlie water, iniinediately on being raised iVtmi tlie sea. liad been allowed to stand 
ii sullicieiit time to deposit the earthy parti* les suspended in it, by which means it had 
become beautifully transparent : UH) jiounds of the waiter produced only three grains of 
earthy sediment, in wliicb I could discover nothing but carbonate of lime and oxide of 
iron. It is in this sediment, according to Kouelle, that mercury is to be found, 1 need 
liardly say that 1 could not detect in it the least particle of that metal. 
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A few pounds of this water were evaporated nearly to dry- 
ness, at a gentle heat, so as to reduce the mother liquor to the 
smallest possible quantity. This liquor was suffered to drain off, 
and reserved for experiments, as it is in this fluid that any new 
ingredients are most likely to be detected. 

i had suspected that some nitric salt might be found in sea- 
water, but in this T was disappointed. The tliscrimination by 
the shape of the crvslals being in this instance scarcely practi- 
cable, the mode which I employed for detecting it, consistc^d in 
concentrating the bittern in a glass tube or retort, till it began to 
deposit solid matter, then adding sulphuric acid and gold-leaf, 
and boiling the mixture ; the gol^l-leaf was not in the least acU^d 
n})on, nor was any smell of nitric acid ])erceived ; but on adding 
the smallest quantity of nitre to the same mixture, the gold was 
dissolved, and the smell of aqua regia was instantly perceived."^ 

A portion of the said bittern was next examined by appro- 
priate reagents, with a view to detect any minute quantity of 
earths or metals, especially alumina, silica, iron, and copper, 
which former inquirers might have overlooked ; but I could tind 
no other earth except magnesia : and to my surprise, I did not 
find in the bittern the least particle of lime ; w hich proves that 
sea-water contains no muriate of lime, as had been generally 
supposed. J w^as equally unsucccsslid in my attempts to detect 
iron or copper, by tlie most delicate tests. Jn 1‘act, neither alka- 
lies nor alkaline (‘arbonates ])re(apilat(ul any other substance 
from the* bittern of sea-water, exc(*pt magnesia. 

The deposit obtained at I^ortsmonth iluiing the early period 
of tlie concentration of the w^ater, being analy/ed, I Ibund it to 
consist of selenite, mixed with a lirta? muriate ol‘ soda, and a 
jiortion of carbonate of lime. The presence j(»f tins last siib- 
stance in sea-water, in a state of perhjct solution, lacing, I 
believe, a new fact, 1 neglected no means of establishing it w itli 
certainty, an object whi('h was accomplished without diriiculty.i' 

(Jarbonate of magnesia having been supjx^sed by some 
chemists to exist in sea-water, I looked for it in the same 
deposit; but I could not detect the least portion of it by the 
most delicate tests.,]: 

I next turned my attention to the alkaline salts of sea-water ; 
and liere I w as more fortunate ; as I succeeded in ascertaining 
beyond a doubt, that sea-water contains ammonia, as it yieldc(l 
sal ammoniac by evaporation and sublimation, '^fliis result was 
easily obtained, of the bittern being eva[)orated to dry- 

ness in a retort, and a low red heat applied, a white sublimate 

* For this easy and elegant jiroecfcs for detecting nitric acid, a point attended with 
difficulty, J am inde])ted to Dr. Wollaston. 

*|* The deposit was treiited with acetic acid, which occasionetl on eflTervcscence. The 
clear litjuor bring tlien decanted offi, ;ind evaporated to dryness, and alctffiol added, ace- 
tate of lime was found in the filtered alcoliolic li<|uor. 

iS'ainely, solution of tiic mass in «lilute nmriatic acid; precipitation of the lime, 
and addition of phospliatc of ammonia to the filtered liquor. 
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appeared in the neck of the retort, which proved to be muriate 
of ammonia. The mode in which this substance was identified 
w^as as follows : 

1. The sublimate was re-dissolved in \tater, re-evaporated to 
dryness, and a<^ain sublimed by the heat oi' a spirit lamp. 

2. Tliis new sublimat(* bei!u>' a^ani dissolved, and solution 
of magnesia and pliosphoric acid added, a triple phost)hate was 
formeti. 

d. On adding caustic potasli to the solution, and bringing the 
mouth of a ])hial containing muriatic acid close to the ^esseI, 
abundant wdiifc fumes apjxyared. 

4. The sublimate gave precipitates boih w’ith muriate of 
platina and nitrate ofsilver."^ 

♦Snlpliate of soda liaving been mentioned by many chemists 
as one of the constituents of sea-water, 1 endeavoured to ascer- 
tain, wlu'tiier or nut. it t^xisted in it. Ihit all att(‘mpts to detect 
this salt in the l)itt(un by <’rystallizatioii were fruitless, though 
great pains were taken tor that })nrj>us(} ; and I feel the more 
confident that then' is no sulphate of soda in sea-water, as the 
presc'iicci oi this salt in any btii the most minute quantities 
woidd ])ci cpiite ineompatible witli our knowledge of ciicmical 
adinitii’s. Jn.)r siiu'e tluu’e are co-existing in sea-water muriate 
of soda and sulpliate of' magnesia, it is evident that sulphate of 
soda would dec.om[M>se muriate of’ magnc'sia, whicli salt is known 
to be in sea-watcu'. And again we know, tl)at sea-water con- 
tains snl])hat(* of lime and lutiriatc; of soda ; therefore it eaunot 
contain sulpliate of soda ; for in that east* we shouhl have 
muritite cjf linn*, which I have shown to be contrary to fact. 

I'he last eirfumistance whit'h I shall at present iu)tice relates 
to th(i stattt in whicli jjotasli exists in sea-water. f Potash is 
fouiul, \)y its a]>pi’opriate re-agents, priiieipally in tlu* bittern, 
but, it is found also among the salts whic,liare separated from it, 
especially in the latter period td' crystallization. Py further and 
repeated evajioration of tin? bittern, and successive s('[)aration of 
tlie motlier water rcaiiaiuing after the reinoval of the crystals 
formed, varioiis distinct crystals w ere obtained ])oss(}.ssing their 
charactci islic form; namely, prismatic sulphate of magnesia, 
cubic and star-shaj)ed muriate cd‘ soda, and rliombic crystals, 
(piitc diti'eront IVom either of the other salts. These crystals, 
which W'ero evidently portions of an oblique rhombi(*, prism, 
being carefully separated and washed witli water and alcolnd, 

* As h not entor into iny plan. «m tliis occaMon, to turn iny attention in the e^ti- 
ination of'pn>portioi5s or ]irt('isf (juaFitilies, f liavo not attempted to estimate exactly the 
pFToportion which an.monia hears to the other ingredients of sea- water ; hut as its pre- 
sence can easily be sltuwn in IhO prains of the hitter salts, its ciiiantity cannot be 
cxtrcmelv minute. 

-|- It will he recollerted the.t the presence of potash in sea-w iter, theujr,h annonneed 
hy myself in the paper on sea-water ti> which I have heft>re alluded, was Or. AVollaston’s 
iliscovery. I Jjavc likew i^e to mention, that the abo\ c cxjh riments respecting the state 
in which it exists, w^crc either made hy him or at his suggestion. 
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moved to be a triple salt of sulphate of potash and magnesia; a 
salt so easily analysed, that it would be quite supeilluous to 

relate the particulars of the process ■ 

It now remained to be ascertamed, whether potash might not 
mIso exist in sea-water in the state of muriate ol potash, or ot 
trinle muriate of potash and magnesia, ihat a considerable 
nuantity of potash remains in the bittern, even after the separa- 
tion of the triple sulphate, is easily ascertained ; and by carclut 
evaporation it may be made to cryst dlize as a triple salt 
bic crystals • but the constitution ol this salt is so delicate, that 
it is liable to be separated into muriate ofimtash and muriate ol 
maenesia by water alone ; and it is with c.crtaiiity decomposed 
by alcohol, "whicb takes iqi the magnesian muriate, and leaves 

the other undissolved. i .• *. a 

From llic Ibrcgonu.^* observations and expcriiiieuts it inaj , 

therefore, be inferred, • .i . , . . 

1 ^I'hat there is no mercury, or mercurial salt, in tiic wateis 

of the ocean. . 

2. That sea-water contains no nitrates. 

That it contains sal amiiioniac. 

That it holds carbonate of lime in solution. 

That it contains no muriate of lime. 

That it contains a triple sulphate of magnesia and potash. 
Some of these circuinslanci;s will, ot course, require llial, 
former analyses of sea-water, and my own in ,)articular, should 
be corrected and revised ; but tins I shall not atte.inpt to do, 
until 1 have obtained further, and still more precise intormation 
on the subject. 


4. 

5. 

(j. 


Article V. 

AMrotiomicaf Ohserraf ion.'^y 1 
]\y (-V)l. tbivvidby, FHS, 

fius/iCtj llctlfhy nrar SUnnuurc, 

Ijatitudc 51^ North. Longitude West in time I' yO'O'I". 


Feb. 2*. 


Emersion of .Jupiter’s second 
batcllilc • • 


*i9' 10'' JMcan Time at nnsliev. 

G uO 40 Mean Time at Greeinvich. 
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The result of very attentive observations on the rain guage 
throughout this year tends to confirm the conjectures offered in 
llie number of the oJ‘ Phi losoph if for July last, p. 18. 

The excess of rain received by the gnage on the ground level 
is, as belbre, very great at particular times, and, on the whole, 
nearly corresponding with that of the last year, viz. 


1821 was as I to 1-612 

1822 was as 1 to 1*623 


^ or as 2 to 3 nearly. 


Among the daily differences, we found as much as 1*6 excess; 
and, on the other hand, in quantities very nearly equally. The 
least monthly excess was that of June, being •172 only, and the 
greatest monthly (‘xcess that of December, which rose to 1*175. 
In every instance, the excess of the lovver above the upper guage 
has been pro])ortioiu‘d 1o the more or less velocity of the wind ; 
and nothing lias occurrtul weaken, but much to corroborate, 
the idea, that it is principally, if not ahogether, occasioned liy 
the whirl or eddy produced by the recoil of the current of air 
from the sides of the building. This is a cpiestioii of fact, which 
we continue to hope some of your meleorologicul correspondents, 
better provided with anemometers, v-ill try by the test of actual 
cxpcritneiiis. 

Feb. 14 , 18 ; 2 ,‘^. 


Auticj.k VII. 

On the vnconfonnahle Posit ion of the Vontefnict Rock (f Sand- 
stone, iciih respect to the sahjaeent Ooal-ntcasin ts, as shoirn in 
the new ijeo/ogicat JSlap of \ orkshire ; and re^ardinif some 
J'lrrors therein, as to J^arts of the Ranges of certain Rocks in 
the Coal Series, lly Mi*. John f'arey. 

(To the liditur of‘ the ^Inna/s of Philosophy.) 

SIR, lloxvhoid-st t rri ^ Feb. 1 9, 

1 aM one of llu)se who have f(‘lt a strong interest in tlie 
perusal of several long and very iinjiortaiil geological jiapers, 
chiefly from the pens of Messrs. Weaver, Conybeare, Ihicklaiid, 
l^hillips, JSedgwick, aiul AVinch, which have appeared in your 
last four volumes ; and observing that Mr. Conybeare, lap. 137 
of your last number, considers the continental liock, wliicli has 
of late been much the subject of discussion, under tlie name of 
roiheliegende, to be proljtilily the same with the Ihiglish rock, 
which my friend Mr. Smith has name<l the ‘‘ Pontefract ilock,” 
and lately depicted its course in his four-sheet Geological Muj) 
of Yorkshire, sold by Cary ; [ beg permission to state in your 
Anna/s, that I fully concur with Mr. Conybeare in opinion, that 
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the rock in question belonos to, and is the lowest of, the uncon- 
lorrnable, niagnei-ian, and gypseous scries,'^" which locally covers 
and forms the eastern bomulary of the Yorksliire coul-iield, and 
that this Pontefract rock has been inqnc^perly associated and 
linked with the six otlier coal-measure grit rocks, named by Mr. 
Smith outlie margin of his map. 1 agree also with l\Ir. C. in 
thinking, that this Pontefract rock deserves a very careihl exa- 
mination and descri])tion. Towards ihti accomplishment of 
which object, I beg to mention as the results of imudi labour 
and thought bestowed on the investigation of particular rocks, 
two gcmeral maxims, which I submit, should always be kept in 
view' by 1 he practical geologist, viz. 

1. d hat an individual rock or stratum /s never nnifonn ihrongh^ 
out its whole extent; that is, none ol’ them display at ervry 
jn)n)l thci stnne thickness, composition, or slate; nor do their 
beds or lissmcs contain Lceryirherc the same organic or other 
ex{raner)us matters. 

2. 'i’hat ive unifjue parts; oerar locally, in any rock or stratum, 
excupl, peihaj)S, in ])lact's where an alluvial covering may have 
inlilttatal or otherwise ciunmunicaled its accidi'iital [>roperties ; 
that is, whatevtir qualities or stales, the beds of any individual 
rock or stratum may iu one place exhibit, or whatever imbedded 
or venigenous niatt(a's it may in one ])lace contain; eat^h and 
every of such qualities, states, and matters (with the ex(‘eption, 
si'hloniditlieultto discriminate, w hich has beem mentioned above), 
and the same, beds and thickm^sscs, nearly, may be sought for, and 
with some e<.)ntidenec (xxpec-.ted to occur, in iuuneroiis other places^ 
in the whol(' course! and extent of such inc!i\idual rock or stratum. 

\\ hicb maxims suggest, forcibly, that much remains yet to be 
done, which du! concuiTonce of numerous observers can only 
;u*coinplish, before all (he po’operlies « any individual rock or 
stratum, and liioiv i (dative iVetjuency cifoccurrence, being known, 
xhc must e>ycnti(,'/ einiradery can bc! selected (among w hich tlu; 
precise species or vari(>ties of i cnminSy will mostly stand 

foremost, 1 believed, ^vbereby to idea^tily detached and far distant 
parts, ol’sucli individual ruck or siratum. 

In the pagers ivfern d to in the noic bclowg I leave sliow n, that 
the Pcmlefract rock of sandstone, uficai in so incoherent or l(y)se 
a state as to bc! dug lor sundy show s itself almost, miinterru])tedly 
at tiu! western edge of the yellow or magnesian limestone, aei’oss 
the counties of Nottingham, Derby, York, Durham, and part of 

* On this point, viz. as to th imint diatc contact always <»!' llu* IXintc lVacf rock with 
iln* lovrest )nagncsian linicstone rock, my falling into error in lS(»7, anti (thanks to lUr, 
W’illiaui James as to the Uedworth case, and to ISIr. James Corter as to the (hnlVirtli 
ease) after seven ycais setting: niysvlf ri^lit rcspccTiiij^ t/n n7iro,tf,)nnafncncss- oi' 

the series overlvim^ our c<.al-meaNurcs, Invd with me no efflcr ; as will ajipear in jiagcs 
J57* and ^(>‘ito'4ti?> of my iirst volume d “ Jh rhyshivc Keian t ; ” and pejrcs l(iS, 

4 It)’ Ate. of the third volume; also in the Philosophical .Xfa»aziue, vol. xlv, paj^ts 11)7, 
10.^, 171, Ate. ; and vol. xhi. p. wherein 1 have correctly represented 

this important fact. 
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Northutiiberland ; besides which, I have there mentioned the 
probeibility, that this same rock uiideiiies the magnesian lime- 
stone in fealop and in Cumberland counties ; and, perhaps, it 
exists also under that of’ ALberley, in Worcestershire ; but these 
last very contorted rocks, and others such on the north of Dudley, 
at and southward of Breedon, in Leicestersliire, and at Wild 
Park, in Derbyshire/*' require, I am of opinion, a great deal 
more of careful investigation than has yet been bestowed upon 
them, before any thing satisfactory can be concluded concerning 
them. 

Mr. Conybeare’s observation in p, 137 is perfectly just, as to 
the highest scams of coat, and the strata ol’ the regular series 
uccompanying and overlying thenn, not being, perhaps, displayed 
on the surface, in any part of the British Islands ; and it ivS 
equally true, that the ]rarts or places ang in very few of our 
extensive coal-iiekls, yet ascertained, where the series is the most 
complete^ or where tlie liighest of their conformable carboniferous 
strata are visible. 

In tlie year 181G, the late Duke of Bncclengh employed me 
professionally, among other niatlers, to ascertain this point, as 
to the Midlothian coal-lield ; the full details of which investiga- 
tion remain ill the hands of his (trace’s intelligent mineral agent, 
Mr. James McLaren,)- ol’ Dalkeith; sliovving, tliat tlie town of 
Fisher-row, near to Alussc Iburgli, stands on the highest stratum, 
pf above 5000 feci thick of coaUiueasures, iucliuiing <S4 seams of 
coal ! :J: as has been inferred, from a systematic compniisoii of 
2374 spots or places oi’ol)servalion, in the j)its, boreings, levels, 
and quarries, or visibi(i bassets of the strata of that district ; 
whence, tiie extremes and the average thicknesses of tlie greater 
part of 337 alternating strata arc ascertained, amounting toge- 
ther to the total lliickuess above named, 

I have frequently pointed out to my mineral friends resident 


^ If the Rreedon and W^ild Park limestones (Derb. Rep. i. 158) belonjif to the hnver 
magnesian rock, may not the gypsum hummocks of (^hellaston, Aston, and Rallingtoji 
(Kep. i. 149, See.) intermediately situated, in a strata trough, belong to the gypseous 
red marl, resting immediately upon that rock, answering to the gypsund near Fair- 
burn, ill Vorkshirc (Phil. Mag. vid. xxxix. ]>. which, in lioiluin Farm Well, and 

many others thereabouts, has proved pure and crystiillizcd, several yards tliick ? — and 
may* not the absence in Derbyshire and 5'orkshire, of salt springs and rock salt, which 
last in Cheshire, underlies gypsum, arise friim the latter lielonging (as locally imbedded 
masses) to the upper or great red marl, overlying the very irregularly coarse, giitslone., 
which, on Slierwood Forest and in other situations, I mistakenly represented as ‘‘■gravel 
rock,” in most of my early writings ? The Ilirchwiaid Park, and the Newhold Astbury 
limestones, occurring in small denudations, from whence no basset etlg< s roultl be, traced.^ 
were, in JHl 1, hesitatingly referred by me to the yellow limestone series (l)erh. Rep. i. 
409 and 461), when, hut for a complete error, as tt» an upper scries of coals above 
the yellow limestone ” (sec my Index), of which I had often been told, I should hare 
associated them, cither with the shale Umtslone, or with tlie first limestone rock, 

■h And other ctjpies in niy possession. T am haj^py in this opj>ortunity to mention, 
that IVIr. INPIjareii is now carrying into effect the instructioiis which he received from 
me, by making similar surveys of the districts in which his Grace’s other mineral pro- 
perties are situated. 

{ ISce Mr. Westgartli Forstcr’a Treatise on a Section of fStrata, p. 89, ‘2d. Edit. 
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in Yorkshire, that near to tlie edge of the yellow limestone, 
about soutli-east from V\ akelield, the highest visible rock or 
stratum of all the great coal-field of Yorksliire, Derbyshire, and 
Nottinghamshire, might be found, and cmght to be carefully 
sought for and ascertained ; but wliich interesting service to 
science has not yet been performed I believe. 

Tlie late Mr. lid ward Martin, whose excellent brief account 
of the South Wales coal-field is printed in the Philosophical 
Transactions h>r 1801), has described its higliest valuable seam 
of* coal to be found, only iii a local patch or huimiiock, between, 
Neath and Llanelly, but has not mentioned the place; nor has 
lie traced tlie bottom line of the trough, which he merely says, 

may be drawn in an (aist and west direction through the middle 
of the basin. In May, 180(), Mr. Alartin favoured me, by trac- 
ing the trough-lino on my large map ol‘ lingland and Wales, by 
Cary, from which I luig here to record its range. Conitneiiciug 
westward, it enters the southern part of Kidwelly ATarsli, passes 
Penbre, Llanelly, Courty Carney, north of‘ Pentalassa, by C'adox- 
ton, Cilyii-Carwg, Llaiidevodwy, Tonna-yod wr, Jiglwysilan, 
linergh, Pedwas, Alyiiyddyslvvyn, and thence curves up the 
libwitli Valley to near Laiiliiddel, and there ends, according to 
iMr. M. the dips ol* the measures from tlie north-west, north, 
north-east, and east, centering there, as the end of tlie deep 
liiit^ of Trough, 

On comparing Mr. Smith’s planning of the l^ontefract rock 
witli the interniiited and detached obscawations which 1 have had 
op})ortimities of inukiug in ^\^rkshiro, 1 beg to point out (truth 
being my obj(*<^t on all occasions) the following errors, whicli 
have b( eu comniitti'd ni tlie Yorksliire map, Ix'ginning south. 
The north part of tlie village ofl’odwic'.k, wliii^h probably stands 
on the Lontc'fracl. rock, lias been r(!|ae8ented as standing on a 
hummock of the limestone, but whose edge does not proceed so 
l*ar westward b\ near u miio, I believe ; and the limestone is 
here mistakenly re[)resented as detaclied by the Pout.elVact rock 
appearing round it on the east; but, the large (juarry of limestone 
(lor exjioit by the Chestcrlield Canal, see Derb. Rep. i. d 1 1 and 
43d, and Hi. 318), cailled i^ccks Alill, or Dog-kennel; and 
another cpiarry in South Anston town, east of the church (i. ^1 1), 
clearly prove this to b(‘. an error. 

My unfortunate ignorance of the uncotif \)rniable character of 
the Pontefrac-t rock, when surveying this border of Derbyshire 
in 1809, prevented my considering, as now I think probably 
may be the tact, that from near Soulii Anstoii town to t,iie town 
of Rotherham (see Derb. Rep. i. 109), this same rock uncon- 
forniably stretches out upon the coal-measures, having its west- 
ern edge ill Todwick, Conduit Hill, Aston, Aughtou, Treton, 
Catlinc, Brinkworth, and Ecclcshall, and extends near a mile 
north-west from Rotherham, along the Doncaster road ; and I 
consider my friend Smith as wrong, in representing the Ilother- 
Series, vol, v. - r 
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ham reel rock (g)^ nod the Ackworth rock ’’ (c*) as entering 
Derbyshire, west of Pebley Lane ; believing that these rocks ia 
proceeding southward pass under the e(ige of the Pontefract 
rock and disappear before they quit Yorkshire. 

The thirteenth grit rock of the Derbyshire series, on wliich 
Killamarsh church stands, seemed proved, as well by its basset 
edge as by the ironstone rakes worked on both sides of it, to 
range northward by Belk T.ane, east of Wales Wood, west of 
Swallownest colliery, by Park Hill and Folken (and having 
crossed tlie Rother), by Orgrave, east of liighha/les colliery, 
through the western part of Tinsley village (and having crossed 
the Don), east of Massborough, ike. 

On the w'est and south-west of tlie village of Kippax, Mr. 
Smith has omitted to notice a point of the l^ontcfract rock, which 
spreads out beyond the village of (Treat Preston, and has upon it 
two detached hummocks of yellow limestone, vvlii<*h last he has 
placed too far north. From I3erwick in-elmef, tlie Pontefract 
rock has been coloured li mile too far down ll\e Aberford Vale. 
At the same time that this remarkable unconformable projection, 
wants extending 1 mile further west, so as to suviound arul 
underlie four detached hummocks of the yellow limestone, 
which, most unfortunately, my friend has wholly omitted to 
notice ; because, 1 think, the sandy rock sujiporting these four 
hummocks, and resting upon the cilges of live of the gritstone 
rocks, and six of the coal shales of my Derbyshire seric's, pre- 
sents, when taken in connection with the facts of the (Jarfortli 
colliery, and the shell ironstone rake (in my ninth coal 
shale, Derb. Rep. i. 217 and 414), near at hand, tlie c‘om- 
pletest case of Me uncotifonnahlcness of the Pontefract rock,tiii(l 
those above it in the new series, which can anywhere lie found 
in the same space. 

The largest and most western of tliese limestone Imnimocks 
lies on the north of Scacroft village, and east ot' Roondt/i/ Farm, 
which last gives name to the large old shallow quarric's workecl 
in tliis huinniock, whicli is a very Hat one, containing appnrently 
only the lower yellow beds (below the blue beds mentioned 
in Derb. Rep. i. lo7 and 408, and ii. 409), covered in great part 
by an alluvial clay patch, which stretches thence north-east for 
1.; mile. 

'fhe second of these luimmocks is around Barnhow houses ; 
Berwick town stands on the next, w4nch hummock is about a 
mile long north-east and south-west, and half as wide ; ami the 
last au(> smallest of these liummocks lies north of the last, and 
north and west of tlie Brooks, meeting on the north of Berwick ; 
it is in part covered by alluvial clay. 

The next projection of the Pontefract rock wdiich has been 
omitted, extends west-south-west from the continuous edge of 
the limestone, and incloses the conspicuous limestone hummock 
of Elstoft, where there are quarries ; and which limestone is 
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surrounded by dots for colouriru^ on the map of my friend. Tii 
the next place, a hiiuunock of the Pontefract rock has been 
omitted on the north-west side of Bardsea village (Derb. Rep. 
ii. 410, note). Another is omitted under Kast Keswick village; 
and a point of the same rock, north of theWharfe River, extend- 
ing from near Wood Hall, under Carlston Hill House, where 
there are gritstone quarries in it. 

In addition to which, my friend has omitted to show a remark- 
able denudation^ through which the Wharl’o River passes in 
Collingham parish ; wherein for 1 a mile in a north-west and 
south-east direction, and a mile in some places, transversely 
measured, the second coal shale is laid bare of its unconforma- 
ble coverings. Also the southernmost of two singular hum- 
mocks of the limestone on the neck of the Pontefract rock sepa- 
rating this demulatcd tract from the coal-field, is omitted. 

f must now return to the border of .Derbyshire, and speak of 
the rock which J\Jr. Smith marks (//), and denominates 
stone : it is my fourth grit rock (Derb. Rep. i. 16‘4, 423, and 

427, &c.), and my third coal shale lies under and west of it, pro- 
du(‘iug, us Mr. S. truly stales, ganister stone,^’ to which I will 
add, exctdlent tire clay, which arc its chief characteristics. 
From near Sheffield, jiast Penistone, Huddersfield, and Halifax, 
and so on north-westward to near Swill Hill, the range of this 
fourth rock is sIioavu n ilh sufficient accuracy, except as to the 
double commencement and western of the two courses coloured 
for this rock, from Whirlovv to Stock Bridge ; but the remainder 
of its course on the map I consider to be completely erroneous. 

^^h;ar to Swill Hill, (liis fourth rock has arrived at its most 
western extension in the bottom of the general trough in the 
) i)rkshire coal-field ^ \\ hich Irough-Huewxugi^i^ from somewhere near 
South- h.lmsal, already hinted atin p. 273, as a place south-east of 
Wakciifhl, at the (Mige of the Pontefract rock, and yirobably 
jiusses VVllk<::ti(!ki, W oodchurch, Birstal, and High Farnley, on 
the nortli-c ast in each instance, and thence near Swill Hill, and 
so on, passing south of l^endle llill, into the Biirnley and Black- 
burn coal-field, •in Lancaslnrc.*, 

h^rom the bottom line of this important trough, near to Swill 
Hill, the basset edg(M)fthis celebrated fourth rock, has a general 
course of about east-novtii-cast, yiassiug, 1 believe, along ^thc 
northern verge of llvadford Dale to the town of I3raclford ; from 
whence 1 liave ascertaliH'd its course to b(' along, or not far from, 
the Toll Itoad ttnvards Leeds, until within half a mile of Kirk- 
stal Bridge, wlieii this rock descends obliquely under* Armley 
Hall, and crosses tin; Air River about a mile below the Bridge ; 
from whence its course is for the next mile about north-north- 
west, between Kirkstal and Burley. ]wom hence an east-north- 

* Which is uii ill-chosen nunic ; because half a dozen of the lower coal-measure 
rocks, produce, in j>articuhir ([uanies, ex.celleiit flagstones, difliciiltly clistinguUhable 
from those of the fourth rock. 
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east course is resumed by its basset, passing south of Hedingly 
village, and north of Woodhouse village, where there arc large 
flagstone quarries in it ; and about half a mile north-west from 
these, on Hedingly Gornmoii, fire-clay and ganistcr are dug in 
the third coal shale, and coarse third grit, north of this, near 
Mean Wood (see Phil. Mag. vol. xxxix. p. 102). 

From the Woodhotise quarries, this fourth rock passes on the 
south of Potter Newton and Chapel Allerton, north of Allerton 
Gledhow, past llounday flagstone quarries, north of lledhall 
Houses, by J^erkby Farm, past Thorner flagstone quarries ; and 
soon after, this rock, with an easy dip about south-east, disap- 
pears* under the edge of the unconformable Pontefract rock, 
on the south of Thorner village. 

The northern edge of the third grit rock, from tlie excellent 
and well-known quarries at Bramley Fall, by the Leeds and 
Liverpool Canal, declines obliquely, and crosses the Air River, 
about a mile above Kirkstal Bridge : thence its course is up 
llascar Wood, and proceeds thence mostly with a very bold and 
decided northern edge, until, on the south side ol'Bardsey vil- 
lage, this rock also disappears under the Pontefract rock, in the 
same place and manner, as Mr. Smith has mistakenly sliown, 
with regard to the lower or northern edge of the rock (/), whicdi 
he calls the Bradgate rock ; but why it is so named 1 do nut 
know. 

The existence of ganister (galliard, or crowstone), and the 
prevalence of clays adapted to the uses of the potter (like those 
of Newton, ancieiilly), and the makers of furnace bricks, lying 
as floors to their coal seams, has been ascertained at short dis- 
tances, throughout the course between the third and fourtli grit 
rocks, indicated ahove, as regularly here as in .Derbyshire (almost 
to the neighbourhood of its county tow ii), wherein, these impoi t- 
ant leatures of the coal series were first ascertained, and such 
details published in its county report, as can leave no kind of 
doubt on the subject. 

Jii the manner above d(‘scribed, the strata nortliward, continue 
to have a south-eastern dip (which would have been a sontli- 
south-west di[), but for tlie dt^epening of the trough line in each 
stratum, to the easi-south-east, or nearly) into the great trough 
of coal-measures herein described ; in consequence of wdiich, 
my second grit rock approaches and passes under the Pontefract 

• There can be little reason for doubt, that after the basset edge of this fourth rock 
lias passed jjiouie distance under tlie yellow limestone, it turns northward, and has an 
uninterrupted course under its unconformable cover, into Durliam, and that there, some- 
where near to Morton, Holam, or Urusselton, this important rock emerges again from 
under the Pontefract rock, and has doubtless a long course across tliat county and Nor- 
thumberland, which course I could ascertain and depict as certainly, 1 tliink, as several 
years ago I did, as to 94 miles of its course across l>erbyshire and V^irkshire (see Phil. 
Alag. vol. Ixxxix. p. 10^), and as to a great many miles of its course in Flintshire (see 
Phil. ]\Iag. vol. xlv. p. Ibb). APhy has this matter slept, and no one attempted to map 
tiie gritstone rocks of the W ear and the Tyne coal-fiald 
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tinconformablc rock, somewhere about the junction of the sheets 
of Mr. Smith’s map, perhaps, leaving then my tirst coal shale 
on the surface, in contact with and passing under the Pontefract 
rock ; and it is t!\is coal shale which, in such case, produces 
the Ilarrowgate medicinal spaws : unless indeed both the second 
and tlie first grit rocks have passed under the Pontefract uncon- 
fonuable rock, before we arrive so far north as these spaws Y; 
under wliich last circumstances, these ct‘lebraled springs will be 
refe*ral)l() to my li mestone v/zcz/c.” 

But wiucliever of tin^si^ may, on a rigid investigation, prove 
to l>c the fact, it will, I tliink, certainly result, that ii s/rala ridge 
(which may not i)e cc.rdly (hdinahlc by a liiui on th(‘ map, or 
witliout <*/arid‘ul levellings, owing to this ridg(i in tin; uj>per 
measures, liaving an irregular rounding summit), will be found 
emerging from nndtiv the eflge of the lhmt(d'ract rock, some- 
where not fill* from TlKU'ntfm (diapel ; and, proceeding west- 
ward by l^ateley Bridge, tliere, either my shale ///nest one or the 
first limcslone nx'k emerges on the surfae.e of this ridge in a 
fiscal denudation, extending to near Haven’s ( huss : thence this 
stiiitii ridge probably declines southward, and ranges through 
the smaller deuudiittMl 1ra<d> of limestoniy north-east (d Bardem ; 
then bending again iiorihward, it prohidily, m ar Bnrnsal, enters 
a more ext^'iisive donndatial tract, proceeds, pc rhiips, by Kirk I y- 
nuillam Dale, and then bends s » nincJi northward Jis to p'.it^s 
Settli;, and jiroeectls on thii north of (/lajdiam and inglcten ; 
])assing thus nert !i-('ast- of’, and occasioning the dip south-west- 
ward into the Ibac.k Ihn tou coal-l’ield, 

(lienerally spc'aking, tlie strata ridge hast (lescrib(Ml should he 
considereil as lh(' bouud'ary nortliward, oi the great Yorkshire 
cajaUiield ; and that to the north veaial of tliis strata ridge, a 
district of midnlaling strjita commences, iind the same are dis- 
posed in sevend strata troughs, ranging enstw^avd and westward, 
and are separated by corresponding strata ridges, through tluj 
remaiuder u(’ tlie county; and, perhaps, it is the sann? in tln^ 
soutli-wcstern parts of T^urham. On this principle 1 should, it 
entering on a. ^urv ey of t!!-* local coal-fields ot this northern jeart 
of Yorkshire, search northu ard of Thornton Cliapel, before con- 
jectured to stand (m the gr(vat strata riilge, for the emerging ot 
the first grit rock* (dipping north-eastward, and covered more 
nortlierly by tlu^ first coal shaltrf) from under the iinconforii\able 

* My first j 2 ;rit rock may probably be comprised in Xos. lOt to 95 in 3Ir. lors- 
ter’s Section.’' 

f Part of niy first coal shale ]irobably apjiears in bis Nos. 91 to 91, and the remain- 
der of this shale is omitted, 1 think ; especially as iMr. F. liiniselt, in ]). 9.*, suspects 
some strata to be here omitted ; but the mimhei .and thickness «>f these (including, ])ro- 
bably, f think, my second and third j»rit rocks, and the iiitervt ning second coal shale> 
a.re, pcrliaps, much more csmsiderald'* tlian he is aware ot. 'VVhcrc is the ganisier 
found? or its peculiar species of leafy rrnls.^^ or the tvro species of morinc sheP* ? 
enumerated in p. vol. i. of 5Ir. Sov/erliy’s iVlineral ( 'onchology,” in the coim- 

ti<‘s of Durham or Northumberland ?; and is tbia stone lucre any wlierc applied to the 
making of roads? 
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Pontefract rock ; and this first ^rit rock, I doubt not it would 
appear to be which my friend has represented as surrounding 
westwardiv the trough of lower coal measures on the west of 
Mashain; but wliiclu rock mistakenly has been coloured as a 
continuation from Swill Hill, mentioned p. 27o, of his 
stone rock,^^ answering to my fourth grit. 

Similar remarks ap[)ly to the sinailer coal trough on the west 
of Patrick lirompton, aithongh its strata are in part covered and 
superhcially bounded on tlie east, by unconfonnablc upper red 
marl, overlapping previously the yellow limestones and their 
intervening gypseous marl, and then the edge of the Pontefract 
rock, in these parts. 

I will now only further remark, that the cause of tluj disap- 
pointments seems now aj)purent, from the boreings made some 
years ago in search of coals on the vva^st ol‘ Jiast Ivigton village, 
south of the Wliarfe lliver, and westward of Sicklin ITall and 
Spoflbrlh, on the north of the river, as well as those older trials 
doubtless made, but, pciliaps, not recorded, in the Collingham 
denudarion, mentioned p. 27o, viz. that )K) iJuck or vniuahlv 
reruns ol‘ coal occur, iji so low a pari of the carboniferous series ; 
but which spots, even yoX, it w^ould s(‘eni, my friend considers 
It) have strata higher iii the series than the fourth grit rock, the 
usual limit downwards, in these parts, of murketable scams. 

I am, Sir, yours, 

John Faim:y. 


Articf.e VIII. 

JSTemoir iJlasf rativc of' a general Geological Map of the. principal 
IMoanfai n Chains of Ean^jic. By the Rev. W. JJ. Conybeare, 
FKS, ike, 

{Co/f/hifird J'ro7/t p. 218.) 

In citing the authority of Bone as confirming the opinions 
of J^rof. Buckland and myself, with regard to the distinction 
between tlie iodlidii'geiuie and old red sandstone of England, 1 
was'iiot aware that he liiul formerly enttutained difi’ereut views ; 
tins 1 have since i<'arn(*d 1‘rom his memoir on (iermanv, inscated 
in the volume of the VV cnicriau Transactions recently published. 
That iiKunuir, however, was read in the beginning of 1822, 
liefore the aj>peaiance of the arguments on this subject brought 
forward in the Outlines.’’ Since that period, JVl. Bond has 
tmjuyed opportunities ol* studying many other localities of this 
formation, and has, vvilh a candour that does him honour, made 
the concession wliicli 1 have quoted; the letter 1 have cited 
bears date Vienna, Jan, 14, 1823. It maybe considered, there- 
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fore^ as conveying his matured opinion, and as 1 have, through 
his correspondent, his sanction in extracting any observations 
tlnit appeared to me important, my citation may be regarded as 
an authentic declaration of his present views. I have thought 
this explanation necessary to remove any apparent contradictioii 
between it and the memoir alluded to. 1 need not add that his 
testimony on my side derives additional weight from the circum- 
stance, that his judgment was not hastily formed, but the result 
of a slow conviction. 

The Series of Lifts and OoliLcs^ Muschelkalkj and Jura Kalkstcin* 

This system viewed generally consists of a series of alternat- 
ing deposits of clay, and of limestones of a texture considerably 
more eartliy and less compact than those of the j)receding 
epochs, and ol'ten oolitic. 'J'hcsc are strongly contrasted also 
with the earlier formations in the very im])ortant circumstance 
of their zoological (diarac^Uu', 1 mean the nature of the organic 
remains which tliey contain, as they appear to preserve the 
traces of a very diiiereiit and more advanced state of animal 
j)()pulatiou in the waters beneath whicli they were accumulated, 
in speaking, however, of the earlier formations, 1 would be 
understood to mean those earlier tlian the «alpine limestone ; for 
tile alpine limestone is clearly iu this respect connected more 
nearly with iJie subscicpienl than antecedent order of things ; and 
these observations should, therefore, iu strict propriety, have 
stood at tlie head of tliat fornuitioii; but since the organic 
remains in that series are rather of local than common occur- 
rence.’ ; whereas in the present tliey form a striking and general 
character, this deviation from the rigour of method may be 
excused. The vei tebral class, of which rare and faint traces 
alone occur iu the older rocks, ])resent.'^ in these a rich and most 
interesting addition to the lists of animals now existing ; these 
jjrincipally belong to the order of ov iparous and amphibious ani- 
urals ; but exhibit in some instances an organisation which would 
lit them rather for a life entirely aejuatic tlian one divided 
between both elements (c. g. tlie ichthyosaurus), and appear 
to bear the same relation to the actual genera that the 
cetacea do to other mammalia; others, however, are like 
tlieir recent antitypes fitted for moving both in tlie land and 
water. In this zoology of a former world, we count several 
species of the crocodile (Knghind and France aflbrd four at 
least which may be distinguished) ; these do nut agree spe- 
cilically with any of the varieties now known to exist ; but 
the diiibreiices are very slight, often indited less mn lived than 
between the recent species ; there is no room, therefore, to 
<loubt that their general habits were similar. Were these 
species capable of enduring the cold of higli latitudes, and there 
Imtcliing their eggs ? or did they migrate ? or was the tempera- 
ture of our planet then higher than at present ? tSoine varieties 
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of recent crocodiles have been found out at sea a considerable 
distance from the land. It becomes the inquisitive spirit of 
science to propose these problems ; — it becomes the modesty of 
that spirit to hesitate, in attempting' (without more ample data 
than we at jiresent possess) their soliilloii. Many other getiera 
referable to the ^.neat order of the lizard family, but evidently 
partially or entirely aquatic, which have either entirely vanished 
from, or (and this is from their bulk and strikini;' appearance very 
iin])robable) remain undetected in the actual state of animated 
nature, are preserved in these beds to exercise the researches of 
the comparative anatomist. We already reckon, and the subject 
is yet far from exhausted, four distinct e;enera of this kind 
(1. The fossil saurian, of Maestricht ; 2. That of Stonesficld, 
luegalo saurus ; o. The plesio saurus ; 4. The ichthyosaurus); 
many of these, tlie latter especially (which unites to the liead of 
a lizard the vertebral column of a lisli, and combines the modes 
of progression peculiar to each), present links as iiiqiortant as 
strikinji' in tluj </reat chain of animal beine; : the lines of Lucre- 
tius arc, therefore, in one sense^' philoso[)Iiically true : 

Miiltatjuc tiini tcllus cliam porteiita cv iirc 
< ’on at a ’st niira tride nicnibrisquc coorta, 

31ulta<{ue turn intcriis^e aniniaiituni strcla neccsse c.st. 

Turtles more or less approaching to tln^ recent are likewise 
found. Here again ^^e■ilave some prtjsmnplion, llnmgh cer- 
tainly no proof, of a warmer climate. 

IMingled with these remains (though in such small (piantiry as 
to show that they liave Ix^en casually brought from a distance, 
while the former are found under ciicinnstanccs wliicli indicate 
their having lived a)\ddied in their present sites), are the divsjc c’ta 
membra of land animals (the didelphys of- Stomtsfield), of birds 
(also Stonesficld), and of coleopterous insects (als.o Stonesficld), 
sufficiently proving that the earth ajid air were j)eopled with life 
as well as the waters. 

The vegetables of this series are dicotyledonous as well ns 
moiiocotyledonous. The shells are cliaracterizcd l)y the disap- 
pearanc’c of many of the genera, and mosted the soecies, belong- 
ing to the transition and carhoniferons series, and the introduc- 
tion of many new genera, almost all the species being also new; 
s(^arccly indeed a single species can be identified. The same 
remark aj)[)lies ecpially to the zoO])hyt.es. 

In one instance, that ofthc eiicrinites, Mr. Miller has made an 
observation as important and beautiful as it is original. Tliis v(*ry 
iiiterestiiig order of animals considered merely in the relations of 

Not certainly in that wliicli hears an aspect favonrahle to inateri.'ilisni, for it is 
impossible to point out instiinccs of design more striking or beautiful than are often 
•xhibited in the structure of these fossil animals. Thus luucli even in tlie present 
obscurity of the subject \ce ctui jierceive ; and di«l we fully know the various rc'vohitions 
of o»ir planet, we should doulitless find fresh reason to admire the ada])tation of its 
livilig occu]>ants to its existing state at every successive period. 
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this structure, divide themselves into two well marked and distinct 
series. Now of these one only is found in the older rocks ; the 
other is confined to those more recent than the coal formation. 
It is very probable that ulterior rescarcKes may extend similar 
conclusions to many other classes ; it is impossible that the 
subject should be in better liands than those of the author just 
aliiuled to, whose unwearied patience in the investigation of 
those minute details which afford the only sure grounds for such 
an induction, is joined to that philosophical spirit of generalisa- 
tion which can alone combine tlKuii into a Imninous system. 

The series of this system in England where it has been most 
fully studied, consists of three great deposits of a calcareo-argilla- 
ccous character, altinaiating with three others of calcareo-sili- 
ceous matter and of oolitic limestones. 


U])[)er (Politic 
system. 


Middle Oolitic 
svslein. 


LoAver Oolitic 
system. 


a. Argillo-calcarcoiis l^urbeck strata, sepa- 
ratinp; the iron sand and oolitic- series. 

/>. Oolitic strata of l^ortland, Tisbury, and 
Aylesbury. 

r. (Jalcarc'ous siuul and concretions (Shot- 
C3verliiil and Thame-.) 

(h Argillo-calc-ar(M)us formation of Ivinmu*- 
ridge and tlui vale of Ihuks, sej)araUng 
tile oolites of this and the- next syteiu — 
^ Oakiree clay of Smith (generally). 

fa. Oolitic strata associated with the Coral 
I rag (Pisolite of Smitli). 

} h. C/.dcareous sand and grit. 

\ Griyat Oxford clay (Cliincdi clay of Smith) 
separating the uolites of this and the 
^ iu!xt .system. 

c/. Numerous oolitic strata, occasionally sub- 
divided by thin argillaceous beds; in- 
cluding the Cornl)rash, Eon^st marble, 
schistose oolite and sand of Stonesfield 
and Hinton, great oolite, and ini'erior 
^ oolite. 

h. Cadeareo-siliccous sand, supporting*and 
passing into the inferior oolite. 

c. Great argillo-calcareous format ion of li as 
and lias marl constituting the base, of 
the whole scries. 


N. B. This list is in a descending order. 

ddie most probable analogies of thescj with tlu! eontimmlal 
formations appear to be the following, in which 1 lun e inverted 
the preceding order, and followed the ascending series. 

1. Jjias (3. ( ), Alusr/ie/fxdtlc, and infrior lieds <>/' ike Jura 
JJmcslone . — There is still some doubt whether the term muschel- 
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kalk may not be applied to more than one formation finst, it is 
sometimes applied to tlie Wurtzbonrg limestone, which Kefer- 
stoia classes w ith the alpine, and which has, tlierefore, been so 
coloured in the accomp'dnyiiij>' maj) on his authority, though I 
have already expressed my uwm inclination to consider it as 
represeiitiuir our lias. Secondly, there is less doubt tliat the 
rocks to which the name inusclielkalk stein have been ap])lied in 
the north of Germany (where, 1 believe, it was originally adopted) 
are equivalent to our lias. Thirdly, it is certain that most of 
the beds commonly included under this designation on the north- 
west and north of the Jura chain and the Rauhe Alp, extending 
into WurtemboLirg, Sec. are identical with our lias, as also the 
beds underlying the oolites ol’ the cote d'or in the north-east 
of France, extending towards Metz, &c. 8cc. 

2. ^Satidsto/ie if I he uferior Ooliie (3 A). — Arenaceous and iron 
shot beds are interposed between the Jura lias and oolites near 
Lons le Saulnicr, and through the whole northern escarpment of 
that cliain, and its prolongation the Rauhe Alp {Kin ii aaiKhtcin 
oj' Kr/crstciN). According to Haussman and Keferstein, the 
quadersandstein in the north of Germany is similarly placed ; but 
1 suspect that more than one formation may be confounded 
under this denonunation, and the local circumstances under 
which it occurs arc such as to render tlic dct(‘rmination of the 
question diflic ult. 

3. The otlier divisions of the series, including all the beds 
which, properly speaking, can be termed. oolites, resemble oiu'. 
another so much that thear individual identitieat ion with those, of 
the Continent can hardly be expected in the present state of 
science ; if indeed, which seems very questionable, a close 
agreement in these minor features of arixuigement really exists, 
through very extensive tracts, and in veiy distant sites. Such a 


* INI. T5(>uc appears to be of opinion that the unischelkulkstein of Central Oerniany 
is not our lias, but a formation wantiiifjj in England, and inti rinediate between the new 
red sandstone and lias being separated from the latter by the quadersandstein , so tliat 
tlie ascending series is : 1 . rs\;w red sandstone ; JMuschelkalkstein ; Quadersand- 
ateinj 4. Lias and oolites, the formations between ])rackcts Ijein^ absent in England. 
JJc cites a section near .tVmberg in confirmation of ibis position. This debatcablc ground 
refers jirincijially to the AV'^urtzbourg district, and the country extending thenee towards 
tlie frontiers of Uohemiu. I feel that it is more important at present to state dillicuUies 
of tills kind than attempt an hesiy solution. 1 shall return to this suliject in tracing 
the course of these fetrmations : on the whole I certainly incline to tlie view wJiicli I have 
indicated in the text. Those who distinguish the muschclkalk as a peculiar 1‘ormation 
refer to two principal localities ; first, the platform of Wurtzbourg (which has been just 
mentioned) ; and, secondly, in the North i>f Germany, at Goettingen, iKlc- they consider 
it as characterized from the lias by the absence of tJie alternating argillaceous strata so 
common in tliat formatiiin. It is an earthy limestone, generally of pale coloiii 


tricohus, Pectinites reticulatus, Ostracites spondyloidcs, Terebratulites fragilis, T. vul- 
garis, Gryphites cymbiiuil, G. siiillus, lUytulitcs socialis, Peiitacrinites vulgaris, Kiicri- 
nites Uliiformis. bee also the note of JM. Bouo on the north of Germany, 
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correspondence, liowever, may certainly be traced on the oppo- 
site shores of the British channel, and there seem to be strong 
indications of the same kind in the Jura chain. 

Distribution oi- this Skkiks. 

(A.) Eir^hnnh 

A line drawn from the north-east of Yorkshire to tlie south- 
west of Dorsctsliirc will iicurl}^ indicate the w^esteru and inferior 
limit of this scries. The lias, however, extends westwards from 
tins boundary on both sides the British Channel in Soiuerset- 
sliire and Cilamorgansliire. TJio eastern and superior limit 
follows a line nearly parallel to the former, and between 20 and 
41 miles to the south-east of it. Tlie three systems of oolites 
form as many parallel ridges of hills separated by intermediate 
\ alleys, following the course of the intermediate clays. The 
great or third oolitic system forms the most extensive and con- 
tinuous ol* these ranges. Idie chains presented by the other two 
are more partial, and inteiTU[>ted throiigh considerable intervals, 

(B.) Other fhi/ish Elands. 

The llritish Islands present no traces of these formations 
l)oyond the limits above assigned, with the excerption of the lias, 
which occtirs in Ireland in the county of Antrim, near the south- 
east border of the> basaltic district ; in the Isle of Sky, and some 
other of the llebridtrs. 

(C.) France, 

1. la the Denudation of lioalognc , — The escarpment of the 
c halk sweeps round a semicircular tract, in the centre of which 
this town is phuaul, w'ith a radius of about 12 miles distance. 
I'iie green sand follows the fort of this escarpment, and may 
also be traced on the north-east of Uissant, and the hills close 
to Boulogne, on which Buonaparte’s tower is built, are capped 
with strata of ferruginous sand, possibljr our own iron sand. 
But instead oti tliese formations occupying, as in the corres- 
ponding trnct in Kent and Sussex on the Bnglish side, the 
whole of the denuded area, we find the coast, through* the 
greater part of its breadth, lined with a calcareo-argillacoous 
formation wdiich underlies the sand last mentioned ; this may 
be studied in the cliffs on either side of Boulogne, which, how- 
ever, are, from the nature of the material, in a very crumbling 
state. 

One of the upper beds of this formation consists of a remark- 
able calcareo-sihceoiis grit. Boulogne is principally built of 
this rock. It often forms the upper stratum of the clifls on the 
north-east of that tow n, and is particularly abundant at a place 
called le Creche, betw'ecn it and Uissant. This rests on some 
beds of argillaceous limestone, separated by clay ; and along the 
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bottom of this cliff is found a coarse limestone of a brown 
colour, full of cornua virnnionis, turbinated univalves, 5cc. 

These alternations of argillaceous and calcareous beds con- 
tinue to extend into the iutiuiur towards the east of Boulooiui. 
In a deep ])it sunk at Souverain Moulin, about five miles from 
the town in that directi(m, in a fruitless attempt to ])rocurc coal, 
the workmen passed through 12 such altenrations, and then 
pierced a solid calcareous rock 100 feet in thickness, containing* 
ammonites. Below tliis, occurred a thin seam of wood coal, 
and then 20 feet of a shelly limestone full (d‘ turbinated uni- 
valves, small oysters, serpuhe, ike. togc'ther u ith impressions of 
ferns and other vegelables; and, lastly, anotlier thin seam of 
carbonized wood, resting oii coarse limestone. 

The coral rag is exhibited with well-marked charar-ters about 
nine miles south-east of Boulogne, near Samers, and the great 
oolite may be seen in the couni ry round Marcpiise al the same 
distance on the north-east. Both these ])oints a[)proach very 
closely to the chalk escarpment; so tliatiftlie green sand, iron 
sand, ike. exist at all in these directions, they must be greatly 
reduced in extent. 

Near Marcjuise, the oolite comes in contact even with the 
older rocks of the coal (brniation, which show themselves in this 
corner of the denudation almost immediately heiu^ath tln^ elialk. 
^fhis coal district presents a hand of mountain limestoiu^ 
uccom|)anied by another of regular coal-measures. The juinci- 
j>al marhh^ (juanh's arc at l'en|ues, and the princi[)al coal mines 
at J [ardiiigeii. The stratification is extnmiely confused and 
contorted. 

2. \Vithin the interior area of the basin of J^aris, there', is also 
a small denudation exposing the oolites,' in a district called the 
Pays de Bray, a little north-west of Beauvais. 

3. ^urroii/idi//g the Gha/k and Green Sand of t he Pans liasi/i, 
— This series also meiy hei seen emerging from beneath the 
chalk in the coast westwards from the mouth of the Seine, 
where they ha ve been traced by M. de la llec-lie. 

Along the mouth of the Seine, on both sidcs^ the chalk and 
green sand repose on a blue marl and marl-stone. At Trouville 
sur Mer, the oolites of the upper and midtile formation, i.e. the 
PoHland stone and coral rag, emerge from beneatli this marl. 
Iletween Villers sur JNIcr and Dives, the clay vse[)arating the 
second and third system (the Oxford clay) forms the base of 
the cliffs, which are capped by the lower beds of the coral rag, 
and an overlying mass of green sand. Still further west by St. 
Coinnie, Arromarche, St. llouorine, Virreviiie, and Graudearup, 
the cliffs present the irifcri<jr oolite resting on lias. 

Hence, a zfjiie of these formations extends circling round the 
chalky and arenaceous border of the basin of Paris, by Cacm, 
Aleii^oii, l^oitiers, Bourges, Auxerre, Bar le Du<‘, and Mc'zieres, 
the oolites stretching beyond all these places, succeeded at a 
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wider distance by the subjacent lias ; and still further by the red 
marl, wliich, with a lew occasional interventions of coal-mea- 
sures, reposes on the transition and primitive chains of Bretagne 
and la Vendee on the west; of Limousin, Auvergne, Forez, 
Beaujolais, and Morvan on the south, and of the Vosges on the 
east. 

The oolites of this range form the lofty hills known by the 
name of cote d’or. Here the oolites aj)proach closely to the 

1 )riinltive cliain of Alorvan. M. Bouc says, that the uiuschel- 
Lalksteiu may be traced completely round the Vosges. 

4. South of I'rance surrottudin'j^ the Jhisi/t of the (Garonne , — 
The tertiary basin of this district is described by M. Bouc as 
limited by Bayonne, Carcassouc, Montaubon, and Talmont. 
This is succeeded on the north by Jura limestone, covered by 
iron sand, Sic. 

In approaching the Pyrenees, he has observed a band of 
Jura limestone succeeded by cpiudersandstein with lignite,^ 
rej)o.sing in some places (as near Bax) on muschelkalkstein. 

( D .) Northern (J ermatt if . 

The muschelkalkstein is here found among the formations 
skirting the llartz, both on the north and on tlie south, ranging 
in the former direction on the soutli of Hanover and Brunswick,^’ 
and on the latt(a* l\)rming a platform in the country between the 
Hartz and the Thuringerw'ald, on the escarpment of which it is 

* ]\r. Boik'i in one of tlio letters to which T have so often referre d j^ives tlic following; 
description of the niiischclkalksteiri of i5runswick, which is the best I luive3'et seen. 

'J his foriuadon lies al)i)vc the variegated sandstone. Its organic remains are 
cncuJiitcs and pentaerinites, some species of terebratul.*, especially tlie subrotumla and 
ciirnea, ^jeetines, venericardia* ? a bivalve badly preserved and unascertained, but |jrene- 
rally and looselj' clas.Ncd as niusculitc.s, an univalve ap}»roximatin<^ to turbo, an aiiima- 
nite not carinated, a small indistinct univalve, uncertain wl’A*ther nautilus or serpula, and. 
many singular markiili's in tlie form of elongated and serjicntinc cylinders which might 
he, ])er)iaps, considered as merely accidental coiihgurations of the calcareous paste, but 
yet from their ramification, <te. assume an apjicarance resembling that of the Isis tribe. 
'J he masses of lead glance, occasionally found in this formation, at once distinguish it 
from tlie ./ura limestone, yet in the lowest niemheis of this muschelkalk are portions of 
an oolitic texture clo'j^*!^' associated with the subjacent variegated sandst(»ne. 

Above it lies an argillaceous, calcaieous, and arenuce»ms formation, in wliich slate 
clay, more or less bituminous, alternates. In the under ]>art, it alternates with few 
beds of a limestone like the muschelkalk, but without shells; in other parts, and espe- 
cially in the u]>per, with a eomjiact sandstone, with a calcareous or argillaceous cement. 

The whole is covered with the ipiadcrsandstcin, a formation often with a siliceouf* 
cement, and very compact, hut at other times of very slight colierenee, .Vssociated wntU 
and beneath this formation, 1 observed two beds of a compact calcareous marl, with 
fragments of jiinna, retaining their shelly tcxiuie, and not jictrilicd. 

The argillaceou.s ibrwvation contains in the bituminous portions mineral charcoal, frag- 
ments of bituminous wood, and a kind of pitch coal used in s(»me places as fuel, and 
impressions of inonocotyledenous vegetables. 

Ammonites (of the subdivision plamilites'), of small si/c, occur abundantly, but are 
confined to jiariicular beds ; in others a large common ammonite with sound hack and 
hot carinated is found in ironstone nodules. I observed also a species of terebvatula ? 
or, perhajis, grypliiles; tme or two species of donax ; three or four unascertained 
luvalves ; an univalve somewhat resembling clasilia; and more rarely remains of very 
line pantacrinites.’* 
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W'ell exposed in the descent from the memorable planes of Jena. 
It is covered by quadersanderstein, on which, according to 
Haussman, Keferstein, Bouc, &c. repose in Uie north of Germany 
marls, oolites, feiTugin6us oolites, and chalk. 

Some observations of Prof. Buckland indicate considerable de- 
rangement in the Brunswick district ; a ridge of chalk extends on 
the north of the Hart/, tow’ards Goslar, often in highly inclined 
beds, and forming a hog’s back ; yet on the north of this, where 
the more recent deposits might be expected, the variegated sand- 
stone again protrudes. 

South of the Tliuringerwald, the same muschelkalkstein 
extends by Heldburghausen and Cobourg. 

(E.) Central Ocrmani/. 

According to Bouc and Ilumbcddt, the ])latform of Wurtz- 
bourg considered by Keferstein as zechstein, or alpine lime- 
stone, is muschelkalkslein. 1 have already alluded to its posi- 
tion in describing the alpine limestone. If this view be correct, 
1)10 sandstone between Wurtzbourg and Bmnberg is not, us 
rc[)rGscnted by Keferstein, buntersandstein, but (piadersund- 
stein. 

(F.) Great Range of Pefuicoifia^ the Swahuni a)id Jiauhe Alp^ 

and the Jura Chain. 

'riiis is an immense and continuous band principally occupie d 
by the oolitic series, crowned in some places by still more recent 
deposits of the same age wdth the chalk marl, &c. of England. 

fn the most northerly part of its course through Franconia, it 
forms the platform between Bamberg and Buyreutli. We have 
here a compact limestone (celebrated for its caverns containing 
the remains of fossil bears), &c. a sandstone, and some marly beds 
much resembling iii fossils and chu racier our chalk marl : this 
system rests on the sandstone extending between Bamberg and 
Wurtzbourg. It is to be regretted that the obscurity wliich still 
hangs over the relations of this tract alfects equally the superin- 
cumbent limestone, &c. Bouc considers this sandstone as 
<]uadersandstone and the limestone us representing the whole 
oolitic series. 

Further south, he gives the following as tlie section presented 
near Amberg : 1. Quadersandstein. 2. Ditto with hydrate of 
iron. 3, Lias, with gryphcea arcuata, grypheea gigas, belem- 
nites, &c. 4. Argillaceous rocks wdth hyflrate of iron, ammo- 
nites, rnya, cerithia, b. Several varieties of Jura limestone, 

magnesian compact, and oolitic. 6. Marl, with liydrate of iron. 
If the gryphcea gigas be the same with the gryphcea dilatata. 
This series is in the ascending order. 

I should prefer considering the deposit No. 2 as onr Oxford clay. 
I should then identify the ch?posit liere called (|uadcrsandsteiii 
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with the sand of the inferior oolite, and reckon the subjacent 
Wurtzbourg uiuschelkalk as tlie e(]iiivalcnt of our lias. JMos. 3, 
4, would then represent the oolites of our middle or upper 
system ; but these are j)oints which cannot ho i'ully settled until 
resident geologists shall arise on the spot, and publish det^xiled 
accounts of its structure and fossils. 

Near llatisbon tlie Jura liuieslone is covered, according to 
liuckland and Bouc, by deposits of green sand and chloritose 
chalk ; the solenliofen lithographic strata belong, 1 believe, to 
one of the beds in tlie upper part of the series of Jura limestones, 
perhaps corresponding to our chalk marl. 

Here the beds decline to the south, plunging beneath the 
trough of tertiary formations which intervenes between this 
riiaiu and the Alps, and rising north, present their outcroY) in 
the escvir])nient on that side. 

In its passage through Wirtemberg, tbe chain presents, along 
the base of its luntbeni escairpmeiit, decided has at Boll, 8vc. 
south of l\isslingcn; a ferrugiiioiis sand (that ot our inferior 
oolite) snccec'ds; and then the oolitic series tbnuin the great 
mass of the hills. 

By tracing this escarjunent from this point to Bamberg, and 
examining (lie relations of tlie Wurtzbourg ])latforni with refer- 
ence to tills cliuin in the vicinity of »Slu1gard, much of the 
oiiscurlty 1 have alluded to would probably be removed ; 
because we liere stand on certain ground as to the identity of the 
Boll roe.ks and tiui Ihigiisli lias, which would aflbrd a secure 
basis to the other terms of tlui comparison. 

Mva ian is said to li ivc' published a good account of this chain 
in llu', vicinity of Basle/^' but 1 r(‘givt iiut having been able to 
consult it. 

There is a very interesting des(‘.ription of the part of this 
chain near kons de Saulnier by Mr. (Jhavbant, in wliicli it 
a[)pcars that its b.ise is composed of red and variegated marl 
containing gy[>siuii ; tliat on this reposes an extensive formation 
of beds of grypliite limestone (lias), alternating with marls con- 
taining fosf^iis 4 'xactly similar to those vvliich characterise tliis 
formation in iMigland ; that these are covered by a series of 
oolitic beds, the lowest of which (like our inferior oolite) abounds 
in ferruginous jvarticles, and is surmounted by a line granular 
oolite and freestone, forming the escarpment of the first terrace 
ofthese hills ; and lastly that, above, iiiis first terrace, are others 
each presenting an oolitic scries based on argillaceous beds 
wJiich separate it from that beiicatli. 

VVe have here, therefore, tlic eniiiueratioii of the lower forma- 

^ The ilenudatiun ot' the Rliein, that near Raslc, exhibits a patch of primitive ami 
iransitiini rocks, over which the calcareous beds of the Jura exteiuL This patch is pro- 
bably connected with the primitive rocks which further north emerge in the chain of tlie 
Idack Forest, 
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lions of the Jura chain, w here they crop out along the base of its 
escarpment on tlie north-west ; and an account by Von Huch of 
the environs of Neufchatel completes the account by adding the 
beds ill tlie central ana south-eastern regions, where they finally 
dip beneatli the tertiary formations, lie divides these forma- 
tions into four series whlcli he enumerates in a descending order, 
i have ventured to assign their ]>robable English equivalent, but 
these can only be considered as mere conjectures at present. 

First Series, 

29 beds of oolites contain madre- 


pores, 8cc * Coral rag. 

Upper marl Oxford clay. 

32 oolitic beds Cornbrasli. 

>Second marl Clay beueatli the corubrash. 


Second Series, 

486 more cnnipact beds, some of 

which contain strombites Forest marble. 

Third Series, 

350 oolitic beds • . . , , Croat oolite. 

60 beds hard black marl Clay of the li^ller^s earth. 

Fourth Series, 

100 beds not described, probably 
the same with those above Lous 

le saulnier Inferior oolite and lias. 

The Jura chain exhibits arched and contorted stratincation 
tlhrough its central ridges ; but on the north-w est all the beds 
out, and on the south-east dip rapidly beneath the tertiary 
ifoirmations which occupy tlie great valley of Swasseiiand sepa- 
iiatiug these ridges from the Alps. The exterior cliains of the 
Alps ngain exhibit in wduit have been called tin- younger varie* 
ticiif alpine limestone, l>eds of the same age wdth the above. 

On south of Ceneva, the continuation of the Jvira chain 
reniUes 'widi these external calcareous chains of the Alps ; and 
in this vicinity, therefore, the true relations of the several forma- 
itioiis ought to be particularly examined. Hence they are con- 
tinued south through Dauphiny and l^roveiice, but I am not 
acquainted with any good account of their structure in this 
quarter. 

(G.) The A/ps, 

For an account of these formations in the external chains of 
tlie Alps, I refer entirely to the ex(!6Jlent paper of Prof, liuck- 
land, which has already appeared in the Auna/s, 
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(H.) Hungari/, 

Accord in O' to Beudant, rocks referable^ to tlie Jurassic series 
occur principally in two localities ; first, on the south-west, 
extendinj^ aorlJiwards from Lake Balaton or Flatten ; and 
secondly, on the south-east towards the borders of Transylvania 
above the sources of tlie river Korosh, 

lie gives the following list of these formations : 

1. An cncrinal limestone (most probably the niiischelkalk) : 
this is most abundant in the second district, but occurs also in 
the first ; it is covered by 

2. A magnesian limestone : not the same witli the Bnglish 
magnesian lime or /.echstein, but associated with, and constitut- 
ing a part of tln^ true Jurassic limestone which covers it: it 
exhibits three varieties : a, Saccaroidal ; h, Comi]>act; r. Oolitic. 
This formation abounds in the lirst district between Bude and 
1/ake llalaton. 

3. Jurassic limestone : a. Containing lii]jpurites ; />. With 

great oysters ; r. With mumnuiites ; d. Abounding in shells ; 
c. Bilumind'enuis. This exists in many patches throughout the 
first district bctwet;n Craii and Lake Balaton. 

(L) and ol/ier impc/Ject/j/ asccrlaincAl Localities. 

In Russia, tlie lias cel l airily occurs near Moscow, but we 
have no distinct particulars concerning the secondary formations 
of that vast country. 

The tracts of tliese formations in Ihigland, France, Germany, 
and Russia, may 1)0 ctjiisldercd as part.-, of a continuous series 
of de]M>sits occupying the great central Iiasin ol Ivarojie. That 
on the Italian sidi* of tin? Alps, although necessarily mentioned 
ill coniu!\ion with that chain, belongs to aMistinct and southern 
basin, of which a great part of Spain also probably forms a 
portion. .Much of llu^ limestone of that coimtiy may perhaps 
prove to be lias, and the oolites are di.stinctly described liy Mr, 
'rownslu nd as ^extending round Auehiiela del Cumpo, about 
halt' way between Saragossa and Madrid. 

i'J’o hi: vonliiimd.) * 


Scries, vol. v. 
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Artici.e IX. 

An Accoimt of sonic Jlcsulls obtained by the combined Action of 

Ideal and Co^npression upon certain I'lnids^ such as Wafer, 

Alcohol, Sulphuric Ether, and the reclijied Oil oj J^etroleum. 

By INI. le Baron Cagiiiard dc la Tour.* 

It is well known that by means of a Ba])in's digester, the 
temperature of fluids may be raised much above their usual 
boiling point ; and we arc led lo suppose that tlie internal pres- 
sure which increases with the temperature would be an obstacle 
to the total evaporation of the fluid, especially if the s])ace lell 
above the fluid be not considerable. 

in reflecting on this subject, it occured tome that the. exj)an- 
sion of a volatile fluid had necessarily some limit, beyond wliich 
the liquid, notwithstanding tlie ])rcssure, must be converted into 
vapour, little as the capacity of the apparatus allows tlie fluid 
to extend beyond its maximum of dilatation. 

In order to verify this opinion, 1 jmt some alcohol of spe- 
cific gravity 0*837, and a ball or sphere of ([uartz, into a 
small Papin’s digester 'made of the end of a wsy thick gun 
barrel ; the fluid occiipicHl nearly one of' tlie api)aratus. 
Having noticed the kind of noise whicli. the ball occasioned 
wliilc rolling in the cold gun barreb and afterwards when it was 
slightly heated, J arrived at a point in which the ball scoiulmI to 
rebound at each jicrcussion, as if it was no longer surrounded liy 
a fluid in the gun barrel. This effect was best observed by apply- 
ing the ear to the end of the handle, which . scu ved to sup- 
port the machine ; it. ceased upon cooling, and w-as rei)roduc(.*d 
when the necessary degree of heat was again applied. 

The same experiment was repeated witli water, but w ith imper- 
fect success ; for on account of the high temperature which it 
was necessary to employ, the aj)paratiis could not be perfectly 
closed. With sulphuric ether and oil of petrole\im, the case was 
different; tlicy presented the same phenomena as alcohol. 

1*11 order to observe these effects of heat and compression with 
gr^iater facility, I [)ut the same liquids into small glass tulx's 
closed at one end, and afterw ards at the otlier, by means of' the 
blowpipe. A small piece of glass was fastened to each tube to 
serve a handle. 

One of the tubes into wliich alcoiiol was introduced so as to oc*- 
cupy nearly two-fifths of it, was heated with the precautions requi- 
site to prevent its being broken ; in jiroportiOn as the fluid expanded, 
its mobility became greater; the fluid after having attained 

♦ From Uic Annalende Chiiuie et dc Physique, tom. xxi. }>. ie7. 



lS2o.] Kl)'t:ct oj' Heat and Compression. ‘291 

nearly double its original volume, disappcnrod completely, and 
was converted into so transparent a va|M_>iir that the tube seenied 
.suddenly empty; but on sutit i ins; it to ctool I’or a moment, a very 
thick cloud was ibrmed, alter whicdi the Iluid reappeared in it.s 
ori; 2 ;iiial state. A second tube, nearly half lull ol the same liuid, 
<^a\ e a similar result; but a tiiird, of which the fluid occupied 
more than half, was hrokem. 

Similar experiments made with oil of p(-‘troleuni, of specific 
oTavity aljout 0*807, and whth ether, presented analo^'ous results, 
exceptinc; that the etln r ap])ea.red to require less space than the 
oil ofpetrohnnn to l)e coiiveilc'd into vapour u it liout brc'akinp; the 
tubes, and the latt(U' less tlian aleohol, which seems to indicate 
that the mnrci a fluid is natura.lly dilated, the less \X)lume it takes 
to attain its inaxunum <9* pansion. 

All th(‘ tubes in these ti iids \vert‘ exhausted of air before the\r 
were closed ; the experiments when jepeated with lubes in 
which the air w^as left, <j!;avc similar results; the progressive 
expansion of the fluid was even more t^asily (estimated in the 
latt(‘r case, there being no inconvtuiient c^bullition as in the 
ibrnier. 

Tlie last expciiment was made with a glass lu])e about one- 
third full of water ; tliis (ul)C‘ lost its transjiaitnicy, and broke a 
IV'W seconds after wai’ds. It appears that at a liiglt tc inperainiM^ 
water is e/apable of dec'onqxjsmg glass i)y (‘omi)iniiig with its 
cilkali ; tliis sugi:-(‘s»s llu* idea liiat some other ri'sult interesting 
to ehemistiy may, prahaps, be <;btained l)y inciaaising the appli- 
cations of this pi ix.u'ss ol (lecomposirioii, 

Hv cavc.Lnliy obscuving tlie experimental tubes in which the 
air hud been lelt, it was remarked that lliose in which the fluid 
matter had not t[uite space enough to acapiire the dilatation [>re- 

(ilng its couvei^fion to vapour, did not always break imiiH^- 
diately alb r the lluiii apjxjared to have comph.tt^ly filled tins 
spac-e, and the explosion was shiwiT as the excess of iluid was 
le.ss apparent. 

Mav it not be concluded tliat thuds which are usually but 
sliglitK' coin])ressible at a low tenipmuture, become more* so at a 
higher teuqjeiature i and still more stroiugly in the prc‘sent case, 
in which iluj lic]uiil is I'eady to become an elastic fluid under a 
pressure, W'hich, acci^rding to tl'.eoretical calculations, w’ould 
appear to be equal t^.» several hundred at niosjiberes \ 

With respect to tbis^ there w ill probably he some. dillicuUy in 
admitting, that a sinall glass lube scari’uly tiiree mfllinietres 
ill diameter, and scarcely one millimetre tliick, sliould resist so 
consiihuabie an expansive force ; it will, perhaps, be thought 
preferable to suppose that the molecules of an ela.slii' iluid, and 
jiarticularly of a tiuiil vapour, are susceptible at a certain degree 
of compression and lieat, of assuming a cliaiige of state similar 
to semi fusion, and caj)able of fa*cilitatiiig a greater reduction of 
volume than tliat derived from the absolute pressure. 
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Until these doubts are removed by new experiments, it appears 
that we may recapitulate what has been stated iu the following 
conclusions : 

1. Tliat alcohol of specific gravity 0*817, oil of petrnleum ot 
specific gravity 0‘<S07, and sulphuric ether, submitted to the 
action of heat and com])ression, are susceptible of being com- 
])l(*tely reduced to vapour under a volume ratlier exceeding 
twice that of each Iluid. 

2* That an increase of pressure occasioned by the presence 
of air ill several of the exj)eriments w liich have been described, 
occasioned no ol)stacle to tlie evaporation of the fluid iu tlie 
same space, tliat it merely rendered its expansion more quiet 
and more easy of observation until the moment in wliicli the 
Iluid suddenly disapp(^arcd. 

8. I'hat \vater, ulthougli undoubtedly susceptible of being- 
reduced to very compressed vapour, could not Ixj subjected to 
complete experiments lor want of sullicient iiuvaiis to close the 
compressing instrument perfectly, as \v('il as that it alters the 
transparency of glass tulx^s by combining with tlie alkali wliich 
enters into their composition. 

1 have presumed tliat this notice woiilil particulaily interc‘s( 
those who are concerned in the use of steam-engines, and also 
probably furnish some slight indications for llie solution of the 
question relating to tlie compressibility of fluitls, lately proposc^d 
as a prize subj(!ct by the Institute ; it is this which detcnniiicd 
me to present it to the class, my cdiiei* ambition being to [>rove, 
that I desire to render myself more /anil more worthy f)f tlie 
favourable reception which it has bestowed upon niy former 
labours. 


Supplefnenl to the preceding j\le?/toir, 

1 have attempted to determine the pressure which ether and 
alcohfJ exert at the moment in wliicli these liiuds are suddenly 
reduced to vajiour. The method 1 adopted was the ii)llo\ving ; 

Kxpc)\ 1. — I took a tulie, a he (see hg. next pag(i)^ of the nuist 
even bore I could obtain, the interior diameter ofvvhicli was one 
millbnetre ; I united it to the tube d e f tin? internal diaim^ter of 
w hich w as about iiiiliimetrcs. l lu; apparatus then resembled a 
syjihou barometer. The two ends, ft and /‘, remaining open, 
m(‘rcury was first introductul, anti aiterwards siilpinnic ether. 
The mercury occupied the spat'c (ted c, and the tther the space 
cy ; hy inclining the apparatus, it was easy to alter the level of 
the mercury so as to hll the space ha ; by these means it vras 
ascertained that a variation of one millimetre in the large tulie, 
caused a variation of 20 millimetres in the smaller one ; a propor- 
tion which was judged suflicient for the graduation required. 
The space h a is that which the mercury may occupy, when its 
level e in the large tube is sunk to tlie point d, the length a h is 
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628 millimotrcs ; the spaco dj doii])Ie c f is that ^ 
supposed to bo occupioil by the ether when it is / 
entirely reduced to vapour. / 

The 628 luillimetres wio’o p;Tadiiated pn a sepa- / 
rate scale, which was aj)plicd\vheii required lo the 
tube, as it was graduated towards the upper ])art. ^ 

The apparatus, prepared as above described, 
being closed at the extremities a, f was heated 
w ith the reejuisite precautions. At the luonient in ^ 
which the ether was completely reduced to vapour, 
the level /) oi’ the mercury rose to the point g, the 
distance ol' which from the point a, is 14 luilli- 
]uetre.s; thus the coluutu of air ^ whieh iras 628 l 

rniUnue! res /m/g, was reduced to 14 jui/timefres ; 
this indicafes a pressure of' 87 or 38 atmosjihercs. 

IViis experiment three times repeated fjave each, time 
the same results ^ 

Ether is, therefore, susceptible of being r(‘duccd ^ 
to vapour in a space less tiian double that of its 
original volume, and in this state of vapour, it tt' 
exerts a ju'essure of 37 or 38 atmospheres in the 
tube which contains it. ^ 

Exper, 2. — Ah’ohol ot‘ specific gravity 0*8 1 7 was • 
substituted for etlier in the a[)paratus ab(we de- 
scaibtal by opening the ends /‘and ; the alcohol 
occupied the spac.e /' c, that is to say, one-third 
of that su{)])Osed to b(^ lujcessary for the total 
convi rsion of the alcohol into vapour. The mer- 
cury o(!Cupied the space // 0 e d e\ and filled the ^ 
small tube, when, by inclining the apparatus, the ^ 

level i/ was sunk iod. The length of the column j _ 
of air a // was 47(j luillimetres. After Uic ext re- 


mities a and /'were closed by the blowpipe, the 
a[)[)aratus was cx[)oscd to heat with the same pre- 
cautions as observed with resp(;ct to the etlna*. 
At the moment in wliich the alcohol was totally 
vedmaMl to vapour, the level !/ of the mercury 
rose to tli(‘ point f, that is tt» say, t.o four milli- 
metr(\s from the point a. Thus the column ol air, 
of 47() millimetres in hnigtli, was reduced to lour 
)uiilini(^tres, which indicates a pressure of 119 
atnios])heres. 



Alcoln)! may, tlierefore, be totally reduced to vapour in a 
space rather less than three times that of its original volume; 
and at this degree of expansion, it exerts a ])ressure of 1 1 9 atmo- 
spheres on the tube which contains it. 


The extremities a and /'were a little drawn out, in order that 
they might be moi e readily closed b\y the blowpipe ; and the 
capacity of these parts of the tCibe was ascertained by introduce 
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in^ a little mercury, which was afterwards passed into the cylin- 
drical part of the tube as a method of measuring it. By this 
precaution, it was determined, for example, that the length 
a a' of 10 millimetres ought only to be reckoned as two, 
the results which have been stated were obtained in this mode. 

When the apparatus was cohl, a small bubble of gas was 
observed to have bc^cn formed above tlie alcoliol, but it pro- 
duced a difierence o[‘ only two millimetres in the level of the 
mercury in the small tula', above //. 

In order to determine the degree (»f heat at which the ether 
and alcohol are reduced to vapour in these experiments, the 
tubes containing these fluids were luxated in oil, in which a 
thermometer was placed. A ('.ylindrical glass vessel wais em- 
ployed to contain the oil; by these means it was easy to deter- 
mine the moment at wliich the lirpiids in the tubes w (‘re n^diiced 
to vapour ; it w'as found that, ether required IbO*^, and the alcohol 
207^ of Pvcaimiur. 

The a[)paratus above described for determining the pressure 
exerted by ether and bv alcoliol, w as also subjeclcKi tc> the lieat o< 
the oil bath; but a relVigerator was pre\iously adjusted U) the 
upper part cd' (he small tube containing the column of air, by wlii(‘li 
the temperature of (he column was constantly kej>t at The 

results, as to the degiee of vaporization and to the pressurt.'. 
exerted, agreed wdth those which have Ixhmi described. 

When mv memoir was ri'ad to the Acaihuny, 1 ann(Jiui('ed that 
water healed in glass tubes altered tlu'ir t.rans[)arency, so as to 
prevent any obscu'vation of wliat took place ; since that ])erlod I 
have found that by adding a small (piantity of carbimate of soda 
to the w^ater, the transparency of the glass was much less 
injured. By this method, 1 ascertained, altliongli with some 
difficulty, on account of the freejuent breaking of. the tubes, that 
at about the temperature of melting zinc, water may 1)0 c.oiu- 
pletely reduced to vapour in a spvxcu equal to nearly four times 
tliat of its originad volume. 


Article X. 

A.NALVsr.s <)!• Books. 

Transdcthnifi t/tc lloi/fi! ( Meolo^yirfil Socieft/ of (\jr/t ivo//, 

' VnL IL 1 ' 822 . 

W !•: are bap{)y to introduce to our readers^ att.entlon tins 
sc^cond volume (>ftlie laboms id’ our sc.ieiitihc. brethren in ( 'or:’- 
vvull; the papc.'rs it eeutnins arc replete with facts that aic* of 
miicli importance, not only in their applicability to practical ])ur- 
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poses, but as tending to elncddatc some of those more diflicnlt 
and interesting- subjects of geological research, respccHng the 
true nature of which there is such a diversity of opinion. A 
considerable portion of llie volume is oc/iupied by four papers 
on the tem[)cratiire of mines, the contemts of which we shall not 
advert to in the present article, as a memoir on the subject will 
shortly appear in the A)niah, containing a full account of the 
facts whicli are tletuiled in them. Ihdbro we proceed to a brief 
analysis of the other papers, it may be well to state, from the 
pnda<‘.(', that tlu^ construction of a geologi(*al map of ('ornw^all, 
intended, accordneji; to llui wishes of the Society, “ to show not 
only tin? varietit\s of rocks, bu( also the locality and position of 
tlu^ principal met alliterous veins, and tln^ cross-comsc's which 
intorsmt, tlioni, lias already oceupu'd mmdi of the time and 
attention of some imanbers ; but tins, it is observed, is an 
umh'rtaking ot immeixe t^xtmt and labour; and tin*, map of tlio 
lod<-*s in OIK' p'arisli (Si.. Jest) givc'ii in the presmit \oiniiK', will 
at. on('(‘ sliow' the nat ure and iiiiportancc' of tin^ plan, as w cdl as 
the time? r(‘([nisite for the eompletioii of such an nndca’taking.^’ 

1, On yontc Afiva n( (rj^cs irhic/i Oortni a/i jn)sscsscs for I he S(if(h/ 
n/ fdee/egy, anfl o,/ /hr t sr n hirh aiai/ hr nindc of '/henu Hv John 
ilawkins, Idsn, VI?S. ^cc, I Ion. Mem. iS( h 

Tin* a<h'ant .e,»>'s of ( .'ornwall for the study of ge 'loivv, arc^ 
stat(’fl in tins shoit paptir to frinn its being a jn’iinitive 

eonntry, havin r gn^aler fa(‘ilities for observatimi tlnin any inland 
('onntry <*an [lossess ; and from tin* iinim'nsc* evl (ait. and import- 
ance ot its mining' conc'aes. In illustration ofsonui remarks on 
the vagiK use of langnagi* in this science, the following state- 
mean is g'ixaai. 

Jt is long since the aUeaition of gev)logist s lias been drawn 
to the flispositioii (abservabic. in eve*rv dislim't roilv mass, to 
s'^parate in a. form w hic.li is in some mcasr.re characteristic of its 
composition ; nlthomgh t.o tins dav, as far as I kiunv, no general 
name has l>eeai givaai to this jdn'noim'iion. t5y some wdio ha^a'. 
noticed a degrcfi of uniformity in the angles resulting from tin; 
ineJmation of so many plane surfaces, it has been confounded 
witli erystalliza*^ ion, and bv othca.s, on rather better grounds of 
reas(niing', wdtii stratilication ; although from the first it ditfers 
in the very material point of tlie structure of its mass, wliieJi is 
not one crystal, Imt an aggregation of crystals; and froni'tlnv 
otlier, in that of continuity. It seems to be the ctiect ot* the 
contraction of matter ;it the ])eriod caf its consolidation, anrl is 
common both to the volcanic and the Ni'ptimian foranations; 
and this theory derives a further confirmation rVoiii tin* intimmee 
wdiieh the si/a^ and form of the aggregated parts of the mass 
have in tin* mode of its division. 

I know of no bet.te?* generic name for this distinctive cha- 
) act(^r, than that of‘ art icnlation, while most of its s])(*cillc forms 
might be expressed by the terms prismatic, cuneiform, rhoiu- 
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boidal, and tabular, of vill which we arc at no loss for examples 
in this county/’ 

II. and 111. On the Temperature of Mines. By llobert W. 
Fox, Esq. MGSe. 

IV. On the Stratified Deposits of 'J'in-stone, called TinfoorSj 
and on the Difj nsion of ' Ti)i-slonc Ihronp^h the Mass o f so)ne pri^ 
7 ni tire Hocks, iiy J. Hawkins, blsq. I'llS. Hon, Mem. GSC, 

In Cornwall, J\Ir. Hawkins observes, tlie veins of tin are so 
rich and so numerous, that, nith the exception of the alluvial 
l)eds of that metal, in the stroaiTi-works, every otlier mode of its 
deposition in the earth seems to have been disregarded- He 
then expresses his opinion that the same interest of capital 
which is obtained by working the tin-lodes, or even a greater, 

might be obtained, with inlinitely less (luctnation in its amount, 
from situations where iialnro has scattered her iavours with a 
more sparing liand, hut in a more e<jual manner: alluding to 

tliose mineral deposits, w hich our miners <*aU tin-doors, and more 
particularly to tlioso important objects of mining industry, w hich 
the Saxons call stock-works, should they be found to exist here.” 

Tliesc remarks are succeeded by some hdormation on both 
thcs(3 subjects, ])ar(ly extrncted from tlui aullior’s own journals, 
and partly from the printed reports of very accnrat(i o))servcrs. 
Till-doors ‘‘ are said t(» occur at Bal-an-nnn, in the parish of 
l.elant, and at Huel-grouau in the parisli of l>reage ; and, if I 
am rightly informed,” continues the author, “ Chirclsr/t^ mine, 
lU'ar St. Anstlo, liehjugs to this class, and merits a, very parti- 
cular examination.” The tin-lloors on the sea-clid’s of the 
parish of St. Just are next described; but wo shall extract a 
more particular account of th(,*sc from a snbsef[ucut paper, by 
IMr. Came. Such beds are not unfrequfcnt, it is stated, in the 
highest ridge of tlie mountidns wliich constitute, the boundary 
line between Saxony and Bolnmiia. Those at Zinnwald are on 
one of the highest ])oints on the Bohemian side; “the strata here 
consist of a tine grnined, half decomposed granite, which alter- 
nates with tlie tiii-lloor;i. These again consist of quartz, mica, 
and gneiss/’ in tlie two latter of wdiich the tin is found inter- 
spersed tog(!tlicr w ith duor spar and wolfram. “ Similar doors, 
composed of magnetical ironstone, tinstone, and pyrites, occur 
in otJier parts of the same range of mountains the most con- 
ftideiaVjle of these is situated at Brcitenbrunii. 

What are called tin-doors at Trewidden Bal mine, in the parish 
of Madron, in Cornwall, are, correctly speaking, “ small, very 
short fiss.ures or veins, which run jmrtialiy through tlie elvan, 
varying in breadth from half an inch to eight or nine inches, and 
so irregular and interrupted as to render it diHicult to ascertain 
either their direction or their underlie. These small capricious 
veins appear frequently to diverge from a central body, and tlien 
bear some resemblance in form to the spreading roots of a tree, ’ 
It is afterw'ards stated, from another part of the author’s journal. 
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that tlieso floors underlie four feet in six to the north-east, ami 
that they occur in a white porphyritical rock. The famous 
Stock-work at Altcnberg (a stuuibiino- block in the way of gco- 
logists), is nothing else than a large mass of the mountain 
impregnated witli tinstone, occasioned by tlie meeting of a 
mmil)er of lodes and veins at this point, some of these crossing 
evicli other nearly at right angles, some bearing each other along 
in their crossing, and others street ehing along in vi parallel or 
m.Mirly parallel direction. Tlie same natural cause seems to have^ 
])i o(luced, at the same period, an inlinite mnnbc'r of smaller veins 
and fissures, which rim in all directions through tlie rock, so 
that many parts of the Stock-work bear a striking reseunblance, 
on a larger scale, to tlie veined varieties of common marble. 
Tlie veins here are chiefly of rpiartz, and are united to the rock 
in sm h a manner as to indicate their coeval formation. Jt is 
remarkable, however, that tlui tin lies for tlie most part dispersed 
tlirough the latter, and this circumstance iias given occasion to 
the very singular mode ot‘ working the mine; for as no profit 
attended the driving upon rcMgiilar loiles, and tlie mass of rock 
was unefjually impregnated with tin, tln^ greato^st degree of 
iiregiilarity a|)j)cars to have marked th(‘ progress of the excava- 
tions from their comnK'nccnnont The rock itself, wliich com- 

poses the St(^ck-w oi'k, is a variet y of ])or|>hyry, the mass being 
a line mixture of chl()rit<^, eartli and clay, in wdiich the grains of 
felspar and <(iiartz are scarcely jievceptiblef ’ 

d'o this follows some particulars of tlie Stock-work at Geyer, 
in Saxony ; and, aft(‘r adverting to the probable existence of 
similar ve.iniferous masses of rock in (\>rnwall, Mr. Hawkins 
i:oiicludes ins pap( r with the following advice as to the proper 
mode of w’orking them. 

“ I would suggest the expediency of removing the whole mass 
of impregnated rock from the surface t^o^vnw a^ds, in successive 
terraces or levels ; most earnestly recommending the immediate 
adoption of the Saxon jiroci^ss of stamping and dressing. No 
man who has witnessed this process, can forbiiar reprobating 
our own, as rude, wasteful, and iiu flicacut ; for il‘, with any 
truth, it may b^ said, that in the art of mining we are inferior to 
our continental neighbours, we are so in a most shameful degree 
ill the department w'hich I have just mentioned.’" 

V. On l/fc relaf ire Afrr of tifc Veins of Cornwall , By Joseph 
Came, Es((. FRS. MRl A/lIoii. MGS.'lMGSC. 

In the commencement of this extended and elaborate commu- 
nieaiticui, after some remarks on the number and varitjty of the 
mineral veins of Cornwall, and on the diversity of sentiment 
respecting the formation of veins, Mr, Came observes, with 
respect to their com])arative or relative age, I apprehend all par- 
ties (excej)t tliose who liold that all veins are contemporaneous, 
and w'ere formed at the same time as the containing rocks), are 
agreed on this important principle ; that a vein trliich is inter^ 
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sectedy or traversed, by another veiny is older than the veifi by 
which it is traversal*'' On this principle, he proceedvS, 1 would 
make a humble attempt to ascertain the relative age of the 
veins of Cornwall.’’ 

By a true rein, Mr. ( \ understands the mineral contents of a 
vcrticaly or inclined Jissarc, jmarly straight , find of indefinite length 
and depthy To the distinctive characters of contemporaneous 
vehiSy he adds the follow- ing : When these veins meet each other 
in a cross direction, they do not exhibit the heave s, or interrup- 
tions, of true veins, but usually uiiile. In a midtitude of con- 
temporaneous veins, soiiui may ap[)ear to be lu.'avcMl ; but tlm 
apparent hoa' c seldom afiects mort* than one vt;in, and it is, in 
general, easy to perceive that, what a|)pe.ar to be s('parate parts 
of the same vein, are dide.reut \eins wliich terminate at or mrar 
lh(i cross vein. Wlnu] they meed with true veins, they are 
always traverseul by tlicm. 

‘‘With all these der>crij)tive particulars, how^ever, it is frecjiientiv 
very dillicult to distinguish true from contemporan(H)us veins ; 
and, f<»r this reason, Mr. Came arrangt^s the veins of (yornwall 
into three orders, of Conteinporaneuus, Doubtful, and 'IVue 
veins. 

The first ordtu* comprises veins of the follow ing substances ; 
(iranite in (jranile, ludsj)nr, Mica, Shod, Shod’-roch, iiuart'^, 
Actynolitr a)id Thalhley Axinitr, iianicl^rod:, Vrvhniie, ( 7/A>- 
rilCy Ironstone, or Irrstone (com]>acl liornbleiide, witli chhuitt* 
and (puutz), Serpentine, ( i rcensione, Astn'shis, Agate, Caleareoas 
Sj)ftr in Bimestone, Ja. jno , Dpal, and i 'laor Spar. 

'file second onler coiumeiices a*; itli granite veins in shile,^' 
of which tlie following accoiuit is gi\en: “ These have heen 
discoveretl in no l(?ss than fourteen ]>lvices on the cc/ast of the 
western part of Cornwall, between Ponthleveu and St. Ivcis 
Head, vi/. (Ijeginning;, at tlu^ most (.Tistern ])oint). 1. Alirml. 
half a mile east w aid of I’rcw'avas Head, in the jrarish of Jheage. 
2. On the eastern side of J’ortcue Covc^, in the same jjarish. 
^y. On tlie w^estern side of the same Cove. d. At St. MieJiael's 
Mount, o. At the village of IMonsehole. 0*. At ivosemodris, 
three miles sonth-w'est of Mousehole. 7. At Carnsilver, about 
half a mile west of Ros(*modris. 8. Near Whitesaud Ihiy, 
bct.w^'een tlie Taind’s Ihid and St. Just. 9. At Portli Just, join- 
ing Cape Cornwall in the south. 10. y\t Polladan Cove, joining 
the sanu^ Cajjc on tlie iK)rth. 11. At (Jiycornisli (!arn, near 
Botullack. 12. At Ptaideen Cove, in St. Just. 18. At Polmoar 
Cove in Zennor. Id. At the f’ove north of Zennor church.” 

“ The relative ages of those vidns has been a v^ubject ol as much 
discussion as almost any [loint in geology ; especially as it 
appears to involve several other points, w'hicdi are deemed, by 
dinerent parties, of essential cons(^f|uenci^ to their systems. I 
believe the more tliey are examined, the more, diiricnit it w ill be 
found to Ibnn any consistent theory respecting them : in order. 
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however, to be convinced of this, it is necessary to examine them 
at every place where they have been discovered ; for so different 
are their appearance, and attendant circumstancevS, in different 
parts, that a very plausible theory made with reference to the 
veins ofone sjjotonly, will be found (piite inconsistent with those 
of anotiier. From the whole, however, the folio vviiijj; facts may 
be collected ; 

1. They occur only at, or near, the junction of the granite 
and slate. 

2. They are not metalHferous. 

3. They have no general diret'tion or position. At Mousehole 
and Pulladan Cove, tlniy run east and west ; those at St. Mi- 
criacrs Mount, aiicl some at F^orth Just, run west-north-west 
and cast-south-east ; tliose at Pohnear (Jove, north and south. 
vSome are ([uite. vertical, as at Portciu', i\os(unodris, and Pohnear 
Cove : lliose at St.. Michaers Mount and AFousehohi are nearly 
so : others are inclined atdiffer(*nt nnules, as atJ^rc'wavas lleacl, 
l^orth Just, and Chycornish (Jam.; anti others quit(i horizontal, 
as at. F^olmear (Jov(i : at l.lte lattiu* place, indco<l, they may be 
seen in almost all ])ositions. 

“d. Their direction is usuallv as straight, and their size as 
vogular, as thost; of true veins ; but in souui cases, they become 
smaller as 1 In ir di.^tance from tlie graniu^ mass incieases. 

•>. Tlu'ir gr(.‘atest lengtli lias never bc(m aseautained : some at 
hosemodris may bf‘ traced in tlu' slate nearly 200 ftjcl, and are 
then lost in the sea, 

(). granite of tlio veins generally apjxears difierent from 

that of the main liody ; it is of much smaller grain : it contains 
a much larger proportion of (piartz, and very little mica; sorne- 
tiiiie's, ir.deed, no mica at all. 

“ 7. J'he slate, which is contiguous to the veins becomes almost 
impc'rceptibly ciianged from clay-slate to inica-slate, ami some- 
times lias evmi the a[)])earance of gneiss. 

‘CS. Tile slate which is close to the v(‘ins is freqmmtly mucli 
harder than that which is more* flistaut from tliern, and its tex- 
ture is, in gameral, not so .slaty. 

‘O. At St. Ahchai-Os Mount, and Polmoar Cove, the veins 
may be traced to the granite' mass, with which they appear to 
he in conqilete union, and to form one body, losing ('ntirc'ly the/ir 
cdiaracter as veins. ^Vhether the otlu'r veins unite with the 
granite nv.iss or not, lias lUit bc'en ;:sc«’rtaincd, as the pc/mt of 
junctl(jn is seldom ac(^essibl^', or e^ eu visible. 

10. AtC^^aru Silver, one oi'tlie veins may !>e track'd from the 
slate info tlui granite mass. Tliis is tlio only instance whic'.b F 
liavt^ discovered of a granite vein ])enetrating both the slate and 
the granite. 

“11. Some veiiis (as at Cam Silver, Cliycornish Cam, and 
Pendeen Cove) are closely connected w'itii the slatc', and tlie 
two bodies appear intimately uiriteal, and inseparable: in fac^, 
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they appear contemporaneous. Others (as at Trewavas Head, 
the western side of* Portcuo Cove, flosemodris, and Polmear 
Cove), are so easily separable from tlie slate, and have walls so 
distinct, that, under any otlicr circumstances, they would be taken 
without l)csitation for frue veins. 

12. Fragments of slate are visible in several of tlie veins, as at 
Trewavas Head, St. Mieliaers Mount, Mousehole, Forth Just, 
fkc. I have not observed them in the main body of granite. 

13. At Mousehole, and at St. MichaePs JMounf, the slate is 
intersected by numerous small (jiiartz veins, some of which arc 
traversed by tlu^ granite veins; others, on the contrary, traverse 
and heave both tlie granite veins, and tlie other quartz veins. 

14. At Mouseliole, and Wintesand Bay, where a junction of 
the main bodies of granite and wslate takes place, they appear, at 
some j)oints, so completely intermixed, as almost to exclude 
any other idea than that of contemporaneous formation, 
although, at other ])oints, the junction is distinct and regular. 

15. In most other places where the junction occurs, the slate 
reposes on the granite, w ithout any appearance of a dislocation, 
or disturbance of the strata, particidarly at Fortcue Cove, Cam 
Silver, and Polmear (Jove/' 

After having thus described these curious objects of geological 
inquiry, Mr. Came brieHy examines the various opinions which 
have been entertained respecting their origin and formation. 
He then proceeds to describe the remaining veins of the douht- 
i‘ul order; viz. vedns of' slcalitc^ veins of calcareous spar, clean 
courses, and veins (f oxide <f tin. 

{7.\> he eoutinui.d,') 


Articj.e XI. 

P}'orccd/?/gs (if Vhilosophicnl *SV><*uV/e.s. 

j'.OVAL SO(’liyi'V. 

Ftdj, 20. — The readijig of a paper, entitled, Experiments on 
thtv Velocity and h'orce of* Sound, made at Madras, by John 
(ioldingham, Ks({. FJIS. was resumed and concluded. 

Mr. (ioldinglicuu coiinneneed his paper v/itli an account of 
former experiments, calculations, and assertions, relating to the 
velocity and force of sound, upon the diversities of whitdi, he 
stated, the experiments he wais about to detail would ))robably 
throw some light. He liad made some experiments in the years 
1793 and 179(), but tlie results of them liad nut bc'en jmblished ; 
and more favourable circumstances for the prosecution of the 
inquiry had since occurred. The experiments and attciiduut 
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observations on the subject, which CoL Bcaufoy, in the A?iftul}s 
o/' F/ti/osop/tj/ i'ov 18i4, had rccomniendecl to be made in 

jiugland, Mr. (j. had instituted at JMadras. 

The observatory at Madras is peculiarly'well adapted for the 
requisite experiments and observations : it is situated in 
8U 17^ K. long, and i3^4'9*B^ N. lat. between Fort St. 
George and the artillery cantonments at St. Tliomas’s Mount ; 
being distant from the Ibriner 13,9325- feet, and from the latter 
29,o47 feet. These distances were determined by a precise 
measurement, founded on part of Col, J/ambton's Trigonometrical 
Survey. 

At the Fort, as is usual in fortilied ])liiccs, a gun is fired morn- 
ing and evening ; in the morning at (lay-liglit, and in the even- 
ijig at 6?ight o’clock; at tlie artillery cantonments, a gun is tired 
at sun-rise and at sun-s(d. The guns are both 24 pounders, are 
(*ach (‘hurged with eight pounds of ])Owder, and arc pointed, 
though not (.xaclly to the observatory, yet very nearly in its 
ilirection. The distance of the Mount gnu (“rom tlie observatory 
being about double that of tin; Injrt guu, a good opportunity 
v/as ailbrded of detcniniiiing whether sound travels at the same 
rate through ]>alhs of ditferent length. 

The observations were made with Aruold\s chronometers, 
usually making 100 b(.*ats in 40 seconds ; sometimes there were 
three observers, iluj author and two Bramin assistants at the 
observatory, but more coiutiionly there were only two. Jiach of 
Ihem began to count on se(;inglhe Hash of the gun, and ceased 
on lie/aring its report; and tJieii wrote down his observation 
without coinmunicating it to the other; the observations were 
afterwards given to Mr. G. for registration. The states of the 
bannueter, thcruiumcter, and hygrometer, the direction of the 
^\in(l, and the general state of tlie we ather, were noticed at 
the lime of each observation. 

Mr. Goldinghaiii gave, in eleven tables, the results of tlie 
observations Ihus made ; from wlneb it apjiears that the mean 
v( loeity of sound, by tlie observations on the }"ort gun, is 
1 142 feet peT second ; and by those in the Mount gun i ld2-,-^,- 
fcct; tlie mean of both series being 1 1-12 y\,V feet per second : 
so that the im.aii rate at which sound travels, as deduced ffom 
these observations, is, almost precisely, that which iSewtoa *^ud 
Halley havc^ 'assigned. 

Mr. (loldiiighain’s observations likewise sjiow that the velo- 
<'ity of sound is considerably ailected by the difterent states (j 1 
the iiUnosphcrc and of the weather, ami by the wind, contrary 
to what has been assorted. The close agreement ol the mean velo- 
city by the Iilount guu with that by the Fort gun evinces that 
sound does travel equably through jialhs of difi'erent length. 
The last tviblo showed the mean velocity at Maflras for each 
month ; the velocity increases to a muxiiunm at the middle ot 
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the year, bcina: then 1164 feet per second: the minimum is 
1099 feet. 

At this meeting, a paper was also read, on the Queslion as to 
the Evolution of Heat during the Coagulation of the IMood, by 
Charles Scudamore, MD. ik:c. (Communicated by the President.) 

A part only of this paper was read, and the veniaiiidcr post- 
poned to a future meeting'. 

teb. 27. — The reading of Dr. Scudamore’s paper was resumed 
and concluded. 

In this paper, Dr. Scudamore examined the results as to this 
subject, wliich iiad been obtained l>y Mr. .lohn Hunter, Dr. J, 
Davy, and the late Dr. Cordon, oi' Edinburgh, and expressed 
his belief that the experiments which he had made upon it 
would explaiii the reason of their discrcjuincies. lie then 
described those experiments ; in some of them the succa'ssive 
temperatures of the coagulating blood were compared with those 
of a solution of starch in water while cooling, and also with 
those of pure water under the same circmnstancc;s ; and lie 
inferred from the wliole, that a ?^Iig]it evo!uti<;n oflieat does take 
place during the coagulation of the blood. It c(;nmi(.'ncc-,s when 
the fibrin begins to concrete, but continues throughout the 
coagulation; in some instances tlie temperature rose Some 
of the discordancies in the siatenumts ot‘ former experimontcus 
appear to have arisen’ from the ditfereuce in temperature of dif- 
ferent parts of the same portion of coagulating Mood. 

The following paper was also read at (his nu'eling : On the 
Doulilc Organs of freneration in tlie Lamprey, Conger ]\el, 
Common Eel, and Darnacle, which impn‘gnate themselves, and 
in the Jilarth Worms, the Individuals of Wiiicli (Uass inutually 
impregnate each otlur. Dy Sir Jiverard Home, Bart. \’E]iS. 

I'he author of this paper had formerly show n that, the teic^- 
diiies wert^ hennaphrodites, subsequently tiiat such also was tlu? 
nature of the lamprey ; and had recently aset i tained tliat 
tile conger and tin* tamiuion eel W'cre siinilarly characteii/eil. 
He was inclined to adopt the opinion of the l^resideut of the Society, 
tliat llu! last mentioned animals are in reality the same speci(‘s, 
tiieir diiiiaeiice in size and e,olour aiising from the circumslance, 
thafcthe one lives in salt w ater, and the oUu‘r in fiesb. To dclermine 
the fact, an expeiniicnt had been instituted by Sir llimiplny, 
and was now going on in C’oruwall : young ecds, it had been 
found, soon died in salt-water, but an old one did not appear to 
suffer any iiic-onvenieucc* in it, and ba.d begun to turn gre(;n. 

4'hese remarks v/ere succeeded by a particular a(*,C{)unt of the 
double organs of generation of tlie animals mentioned in the 
title of the jiaper, and of their mode of’ copulation, w ith collec- 
tions of the mistakes that former observers had made when exa- 
mining their anatomy : the species of barnacle examined was 
the JLepas anatifera. 
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A series of microscopical drawings by Messrs. Bauer and 
Clift illustrated the details iu this paper. 

^larch G.— On a new Phenomenon of Electromagfnetism, by 
yii II. Davy, Bart. PRS. * ® ^ 

The cxperhnent described in tliis paper had been first made 
by the author about fifteen months ago ; but had been repeated 
]>y him, very recently, through the kindness of Mr. Pepys, with 
a battery consisting of two plates, each containing lOO square 
fo(‘t, which Jiad been constructed, under the direction of that 
gentleman, for the London Institution; and of which, vSir Tlum- 
phry hoped, iNTr. Pepys would communicate a description to the 
Sut iety. The experiment, however, might be made with a pair 
of ])latcs each coiilaiiiiug three or f<mr square feet only. 

Sir llimijihry had com'.eived, immediately after the publica- 
tion of Mr. Faraday’s ingenious experiments on electromagnetic 
rotation, that if mercuiy could be made to revolve by electro- 
magnetism, some new ligiit miglit be thrown upon the subject, 
as the motions of that substance could not be aliected by the 
disad vantRpes aUending mcclianical suspension. On iiumcrs- 
iug, accordingly, tlie two wiies of a battery in mercury, and 
presenting a magnet to them, either above or below, tin; 
mercury wki.s made U) revolve around the wires. I'rom the 
•ajipearance of the motion, Sir lluuqibry was induced to be- 
lieve that it could not be owing to any simple action, but 
that it must be the result of a composition of Ibices ; and that 
some kind o{‘ motion would be. produced in mercury by tiie 
agency of elect lic ity alone. In order to determine this, ho 
<‘<)vcrcd tile surt'ace of the mercury with weak aidds, and witli 
timdy rlivided matter, as the se(‘d of lycopiniium, the vvliite 
oxid(. olbiu remy, ike. ; but no distinct 'dlects could l>e observed. 
It then occurred to him, that, fi i»m the circiimstiinces ol’ this 
experiment, tin,* motion, if any look jilae.e, must be idiiefly con- 
lined to the lower surface of the mercury ; and lie tlunvfori* 
levi rsed it. Two copper whiles, one-sixth of an inch iu diame- 
ter, and carefully pulisiied at their extremities, were passed, per- 
])endicularly, through tlie bottom of a. glass basin, an»:l made 
non-conductors by w^ax, cxce])t at tluar extremities. iVIercurv 
V as then poured in, to the height cf oue-tmitli of an inch above 
the wires, and, tqjon connecting them w ith tlie battery, it .was 
thrown into violent motion, lieing raised, over llie wiri^s, into 
conical elevations of one-tentli or one-twelflli of an incii, from 
wdiicli waves Howed in all directions. Upon bringing a magiuit 
over the w ires, the conical eminences wane depre^'.sefl, tlie cIkui- 
lar motion ceased, and currents were produci'd in the merc ury 
in opposite flircctioiis ; and, upon its nt^arer apjiroach, the emi- 
nences W'cre converted into vortical de[>ressioiis. 

That the motion given to the mercury by the agency of elec- 
tricity, as just described, did not arise from the heat produced, 
was experimentally determined ; when the large battery was 
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employed, tlie whole apparatus was converted into a thermome- 
ter, and, wdien the motion commenced, there was no increase of 
volume in the mercury ; nor could the motion have been pro- 
duced by electric repulsion. 

Sir 11. Davy would not enter into the conjectural part of the 
subject any further than to state, that the experiments he had 
described were unl'avourable to the idea, that the phenomena <jf 
electromagnetism w^ere produced by the motions of* a single 
fluid ; and that the motion communicated to mercury by electric 
agency seemed to be produced by a fluid, moving either in right 
lines or in undulations from each wire as a centre. He con- 
cluded by observing, that he thought it right to state a circum- 
stance, which, though known to many Fellows of the Royal 
Society, was not generally understood : this was, tliat we ow e 
to the sagacity of Dr. Wollaston, theflrst suggestion of electro- 
magnetic rotation ; and tliat, had not an experiment on tlie 
subject, made by Dr. in tlie laboratory of the Royal Institu- 
tion, and wdtuessed by Sir Humphry, failed, merely through 
an accident whicli happened to the apparatus, he would liavc 
been the discoverer of that phenomenon. 

March 13. — On Fluid Chlorine, by M. Faraday, Fsq, (Com- 
municated by tlie President.) 

Previous to the year 1810, it had been siqiposial that the 
crystals which form in aqueous solutions of chlorine at temperei- 
lures below 40® wore pure chlorine, but Sir 11. Davy (lien 
showed that they were an hydrate of that substance. During 
the late cold weather, iVJr. Iniraday had made some expej inients 
on this hydrate, and an analysis of it, an account of which will 
be found iu the lath volume of the Journal of ^Science ; it con- 
sists of 27*7 chlorine, and 72*3 w ater, or, nearly, of one propoi- 
tiou of the former to ten of the latter. TJie Presiileiit of tlie Royal 
Society suggested, (hat interesting residts might be obtained by 
examining the decomposition of this compound under pressure, 
and requested the author to make some experiments on (he 
subject. 

Some of the crystals, dried as much as pos.sible by being 
pressed in bibulous paper, were introduced into a closed glass 
tube*, the open extremity of whicli was tlien liermetically sealed. 
Wh^m this tube was immersed in w ater at the temperature oftiO"^, 
no alteration look place in the crystals ; but when it was placed 
in water at 10(F, they w ere decomposecl, and two fluids resulted ; 
one of a pale-yellow colour, and apparently water ; tlie other of 
a deeper** greenish yellow ; resembling cliloride of azote. This 
did not mix with the water, but when the tube was cooled to 70^, 
they again crystallized in union. Above the fluids there was au 
atmosphere of chlorine, the intensity of the colour of w hich indi- 
cated that it was of great density. Upon dividing the tube, a 
report took place, as of au explosion, the yellow fluid instantly 
disappeared, and a strong atmosphere of chlorine w as produced. 
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the author at first conceived that the yellow fluid might be a 
new hydrate of* chlorine ; but he found that it was also produced 
by introducing a portion of the gas, dried over sulphuric acid, 
i.'to a glass tube to which a stop-cock was attached, and then 
forcing in air by means of a condensing syringe, at the same 
time applying cold ; so that in reality it was chlorine. 

This fluid may be distilled out of the water by means of a 
spirit-lamp ; at whatever temperature it is produced, it is per- 
fectly limpid and fluid, and it remains so at 0*^ ; it is very vola- 
tile ; and when exposed at the common pressure of the atmo- 
sphere, a portion volatilizes, the remainder being cooled down 
so low by the evaporation, as to preserve, for a time, its fluidity. 
By comparing the weights of apparently equal volumes of water 
and chlorine, the specifics gravity of tlie latter seemed to be 
1*33; and that this estimate cannot be far from the truth, 
Ihe manner in whicli tlui cliloriiie lies in the wateu’is ev inced by, 

A note had been annexed to this paper by Sir II. Davy, in 
which he stated, that Mr. Faraday’s experiments had induced 
him to think, that other gases beside chlorine might be reduced 
to a ll(piid state by the pressure of their own atmospheres, when 
evolving from substances containing them; and that, in order to 
verify this conjecture, he placed sulphuric acid and muriate of 
ammonia in dilferent parts of a glass tube, and, after sealing the 
tube, brouglit them into contact ; W'hen an orange-coloured fluid 
was produced, which was muriatic acid.. Although the two 
substances employed were as ])ure as they could be obtained, 
yet the orange-colour of the resulting liquid, he considered, 
might be owing to iron. JSir Humphry concluded with some 
remarks upon the superiority which this method of condensing 
the gases possesses over those of mechanical compression and 
the application of cold. • 

1. 1 ]S N E AN S O C I ET Y . 

Vch. 4. — The reading of a paper, on Lansium and other 
Malayan l^lants, by Dr. William Jack, FLS. which had been 
ta)inmenced at the preceding meeting, was resumed and con- 
cluded ; and the following paper was read: Catalogue , of 
the l.and and Freshwater Shells found in the County of 
Suffolk, by ihe Rev. Revett Shephard, FLS. Dr. Maton and 
-Mi\. Rackett having; given the habitats of the land and fresh- 
; water shells in the midland and w^estern counties, in vol. viii, of 
1 lui Ijinneau Transactions ; the purpose of this paper was to 
^^ipply those of Suffolk and lAssex. The author adopted the 
■ Linnean arrangement, the genera of which, he was of opinion, 
jvvere the best for land and freshwater shells; though, at the 
same time, he expressed his approbation of M. Draparnaud’s 
.'work, observing that his genera, considering them as subdivi- 
J sions of the Linnean, were accnnchim naliiram. 

Feb, 18. — The following papers,- by Major-Gen. Hardwi eke, 
|FIIS. and FLS. were read, all of which were illustrated by 
l>lnv Series, vol. v, x 
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beautiful drawings made by Indian artists : — Description of the 
Scia? us sagitla of Linnaeus ; Account of the Puceros galeaUts of 
Shaw ; Description of a new Species of Phasiaaus ; Description^ 
of the supposed Female of Puasianus cruenius; Description oi 
a small AntcUPpCy a Native of the Himalaya Itange, and of the 
Mountains in the Nepal I^'rontiers, called by the Natives Qoral ; 
Description of an Insect wliich appears to be a new Species 
of the Scuiigera of l.atreille, or Cerntai i(( of Tjcacli. 

March 4. — Description of tlie Skeleton Head of the long- 
snouted Alligator of the Ganges, or Paceria ijangelica ol 
Linnajus, presented to llie Linncaii Society, together with the 
entire Skeleton of a young Subject of the same Species, by 
Major. -Gen. Thomas ilardwicke, FRS. t'vc. 

At the same meeting was read, A Description of a Serpent 
hitherto su]>posed of the Genus Jioay and the I>oa Phrpgia ol 
Shaw. 

March 18. — The follow ing papers w ere read : 

Observations on the generiti (4iaructer of Lodfsta, with llie 
Description of a remarkaljle Species. J>y the Rev. Lansdown 
Guilding, BA. FLS. ike. 

The Natural History of Phas/aa vaunt las. By the same. 

Observations on the Genus Asataphasy with the Description 
of a new Species. .By tlio same. 

On the Nature of tlu^ ?.!arin(i l^roduction commonly called 
Pliisira arenosa ; consid('r( d by Fllis and Gnu.lin as belonging 
to the Order Vermes Zoojdiyta ; but rather to be considered as 
the Matrix Ncrita gfaacitKty by John Hogg, Esq. BA. FLS. 
St. Peter’s College, Cambridge. 

Description of the Tailed Bat, by Major-Gen. Ilardwicke, 

Description of Ptivoaa agavcphi/ila^y fhe Agave Cahefisis of* 
Tannicus and Jatapjin, and the A. Mcwicajta oi' Lamarck, by 
M. Felix de Avelear Protero, Prof. Bot. Coimb. 

On the (ieneric and Specific (.'haracters of tin* Chri/saut hcminn 
ladictun of Linmeiis, and of the l^lants called Cliiu(‘se Ghrysaii- 
theiuurns, by Joseph Salnne, FRS, FLS. ike. 

O JCOLOOK’A L SOCl I '/rY, 

Jan. 3. — A ])aper w as read, on the Beds of TJmestone and 
Clay of ihe Ironsand of Sns.scx, by (jiideon Mantell, Esq. MGS. 
and Charles J^ycll, Esq. MGS, 

Mr. ManU ll trace's tlie direction of the calcareous beds con- 
nected, willi tin* iionsaud (uiinatiijn in tin; county <d*Sussex, and 
enumerates their ^.c;v<nid localities ; (ej \^hicll lie subjoins draw- 
ings and desci i[)tions oi’ some of the most remarkable fossils 
found in the limestone f)f IJlgate Ihin'st. lie then adds a letter 
addressed to him by Mr. Lyeli, containing' an ae:connt of the 
strata in tln^ neighbourhood of 1 lorsluim, with a section of tiie 
quarry of Stamri^eihani, and with rennnks on the plieiiomena 
presented by the' gr<je)V(;d and furrow eid surfaces botii ejf the 
calcareous and seindstone beds of that country. 
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A Notice was tlien read, accompanied with Specimens, by 
Chiules Daubeny, MD. FUS. and iMGS. Proi’essor of Chemistry 

Oxford, illnstrative of* the Stratti cuit through in the Seven 
Fakes Mine, near Aiatlock, Derbyshire/ 

After describiiig tlic (qualities of the strata df limestone and 
toadsloiK', then' dimensions and c^onnexions with each other, and 
the minerals which they contviin, botii in veins and regularly 
disseminated through the mass ; Dr. Daubeny conchules with 
general observations on tlie pln'iiomena which tliey present. 
Me considers lliat liune would be great dilliculty in reconciling 
tile facts tiiore observed w'llh tiiat theory which refers to an 
ignoons origin t!ie f )rmatioii ot'tlio toadstone. 

Fc/k 21. — Two letters were read, communicated by the Ihx si- 
dent, adidrcssed by Josepdi iWerly, i^s(|. to I>. Fayle, Esq. con- 
taining* some notices on tlu* (let'kigy of Sierra Leone. 

At Siena Leone and in the immediate ntughbourhood, sienite, 
porpliyry, and basalt, are the predominant rocks. 

iu'h. 2\ and March 1. — A paper was read, entitled, Notes 
rm tin; tieography auvl (teology of Lake Huron, including a 
Oc'scripiion, a<*companie(l hy Drawings, ol* new Species of 
Organic Remains,^’ by .lohn Bigsby, AID. MGS. 

In tliis paper, the autlua* c'utms in soiin^ detail into a geogra- 
phical and g('oh>gieal deseri[)t ion of tlu3 coast and islands of 
j^ake Unroll m ?Sorth Ana lie.a. 'I lie greater ])art of th(3 north- 
ern sliorti is (•( nniost d oi’ primitive rocks ; while the iManitou- 
liiH- islands which sJrt^tch nearly across iha eeiifre of the lake, 
willi the s<mt]n 111 c.east, ar<‘ (sitirely composed of secondary 
calcareous lbrmati<ins. ’\\> this jiaper is subjoined a map of 
l/ake Uuvon, and jilutes illustrative of the organic remains 
\\hieh are contaiiu^d in great ahiiiidance in (ho liuKestonc rocks. 

Alajch^J ]. — A paper ^\ns rcaid, (uditle.d, Obstarvations on 
the Bolemnito,’* by .L S. ?dillcr, j^.sq, ALS. communicated by the 
Rev. W. D. Gonybeare, AKiS. 

The author ciommencers this paper witli an historical sketch of 
the A arious opinions which have been entertained with regard 
to the beleinnitf^, and of the works of those naturalists who have 
treated ol'that fossil. He enumerates the various names Avhich 
ig'noraiu (3 or siqxM'stitlon assigned to it in the earlier periods ; 
and, lastly, tlic almost eipially discordant and imperfect tlfeo- 
ries Avhich have been successively advanced on the same subject 
by writers of a more recent da(c. i\Jr. A'lillcr then offers his 
own opinion on the original structure and nature of tliis. organic 
body, and a<hls tlic reasons and tlio experiments which have led 
him to his conclusions. lie considers the b<.‘leuinite to have 
b(‘en an animal of the Ge[>halopo(lons division of the mollusca, 
inhabiling a fibrous spatliose camical shell, divided into cham- 
bers conned ed by siphuncnlus, and beyond which shell 
extended a protecting guard or sheath. Mr*. Miller refers the 
internal radiated Fixture to its original organic structure, and not 
to any subsequent process of crystallization. To this paper is 
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subjoined an enumeration and description of the various species 
of belemnites,- accompanied by plates illustrative of their form 
and structure. 

A S T Pw O N O M I C A T. S O V. I E T Y . 

The Third Anniversary Meetiip^’ of this new association, 
which is rapidly advancing in importance and prosperity, was 
held at the Society’»s Apartments, No. 65, .Lincoln's laii Fields, 
on Friday the 14th of February last. At this meeting, a report 
from the Council was read, stating, among other matters, that 
the Society now consisted of 187 eifective members and asso- 
ciates, including the greater number of the eminent astronomers 
of Europe ; tlrat the funds were in a llourishing condition ; and 
that great progress had been made in establishing an astronomi- 
cal library, which would shortly be opened for the use of the 
members, A just tribute of respect to the mcmoiy of the 
lamented President of the Society, was likewise paid in this 
report, as well as to those of Sir Henry Fhiglcfield, Dr. Hutton, 
M. IJelanibre, M. Tralles, and several other vahiublo members, 
of whom the Society had been deprived by death during the 
past year ; and it concluded by calling upon tl)c members and 
associates, geiuually, to promote tlu) objects of the Institution 
by every means in their power, and particularly by the transmis- 
sion to the Society of such papeis and observations as might 
become useful by their registry and comparison. A minute 
investigation of the heavens was als<i recommended to be 
eHected by dividing them into small portions, each to be exa- 
mined by an individual member. 

The following officers were tlien elected for the ensuing year : 

President, — lleiiry Thomas Colebrooke, FiSep F^RS. and FLS, 

Vice-Presidents, — Francis Haily, Esq. FRS. eaul J^'LS. ; Major 
Thomas Colby, Roy. Rng. LLD. FRSL. and E. ; Davies Gilbert, 
Esn, VPRS. and FLS. ; Sir Eenjainin llobhouse, Bart. FRS. 

ireasurcr, — Rev. VVilliaiii Pearson, LLD. FdfS. 

Secretaries. — Charles Babbage, Itsq. MA. FRSL. and E. ; 
John Millington, Esq. MCS, Prof. Mech. Phil. Roy. Inst. 

Foreign Sccrelart/. — J. F. W, Ilerschel, Es(i. MA. F^RSL. 
aud‘E. 

Goiincil. — Capt. F. Beaufort, R.N. FTIS. ; George Dollond, 
lisq. FTIS. ; Benjamin Gompertz, Esq. FRS.; Stephen Groom- 
bridge, Esq. FRS.; .James Horsburgii, Esq. FTIS. ; Daniel 
Moore, ,Fisq. FRS. FSA. and FT^S.; Peter M. Roget, JMD. 
FllS.; Major-Gen. Jolm Rowley, Roy. Eng. FRS. 

March 14.— Several new members were proposed, and others 
elected. A consideiabhi numbc?r of astr<>noniical l>ooks were 
presented to the library of tlie Society ; and two [)a|^)ers were 
read. The first was a denionstriitiori by means of a functional 
equation, of the result of two forces acting upon a particle of 
matter; communicated by Dr. Miekleham, late Professor of 
Aiitrouomy in the University of Glasgow. Tlie second was 
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entitled, On the Results of Computations relative to the 
Parallax of a Lyrae from Observations made with the Greenwich 
Mural Circle, c()m])ared with those of Dublin ; by Dr. Brinkley, 
Prof, of Astronomy, Trin. Col. Dublin this was a highly inte- 
resting paper. 


Article XII. 

SCIENTIFIC INTELLU; EN(!E, AND NOTICES OF SUBJECTS 
CO N N ECTKl) WITH S(;i EN CE. 

I. 3/r. Taradaif s Uqntjhction q/'tJic Gases. 

We have already described, at ]>. fJOt*, in our report of the proceed- 
ings of the Uoyal Society, tlie means by which Mr. Paraday has suc- 
ceeded in reducing chlorine to the licpiid state ; and we are happy to 
announce tliat he has also succeeded, by analogous modes of operation, 
in liquefying the I'ollowing aeriform substances : euchlorine, nitrous 
oxide, sulphurous acid, sulphuretted hydrogen, carbonic acid, and 
cyanogen. All the licjuids thus pi*oduced are colourless, witli the 
exception of euchlorine; anti all arc perfectly fluid, and highly volatile. 

II. Rc-npcfiiiig q/\Mj\ Sotveriip^s jMuseuin. 

We feel mucli satisfaction in annonneing that the late Mr. Sow- 
erby*s Museum of the Natural Productions of Great Britain, at No. 
Mead-placc, Lambeth, is again opened for the inspection of his 
friends and the lovers ol'natural lilstory, every 'Fuesday from eleven till 
four ohdock, under llie direction of his sons and executors, James de 
Carle Sower by, PL 8. and Ciiarles Edward 8owerby, 

III. Pi' of. Pa}(.bi'ny on Rocks ihal contain Magnesia. 

Dr. Daubeny liaving withdrawn bis paper on this subject from the 
Royal Soeiet}’, in the Iiope of its apjiearing “at some future time, iu a 
more complete state, has requested us to correct two mistakes in our 
ri'port ol*it, published in the Annals for Pebruary, p. loO. 

VV^e have there represented Dr. D, as sa} ing, that the presence of 
magnesia in the oolites “ has not been ascertained with certainty;’* 
whereas, he st.ttes, tijcre are several specimens of them in tlie cata- 
logue at the end of Ins ])iq)er, wliich are menlioned as containing that 
carlh. Ju the second place, Dr. Daubeny observe s, we have tntnsfer- 
red to his mode of separating lime from magnesia, the objections whieli 
lie bad alleged against preceding methods, and li om which he imagines 
his own to be exempt; ‘‘ for it will be seoji by reference to my paper 
in the Edinburgh IMiilosophieai Journal,” lie continues, •* that tlie 
difficulty of driving off the ammoniacal salts and water originally pre- 
sent, without at tlie same time decomposing the magnesian sulphate, 
was my inducement for substituting that scheme of analysis wliich is 
inserted in the Annals^ tlie ]ieculiarity of which consists in its enabling 
the operator to calculate the quantity of magnesia h\' merely ascer- 
taining the amount of the sulphate of lime obtained, deducing from 
thence that of the lime, and conqiaring the result with the quantity 
taken up originally by tiie acetic acid 
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IV. On the Question as to the Kxistence of ^TetnUie Veins in the Transition 

Limestone of Plymouth. By Mr. Priduaux, and the liev. iliehard 
Hennah. 

(To the Editor of the An, nils of Philosophy.') 

SIR, Plymouth.^ Pvh. 15, 

Observing some doubts expressed in your last number of the accu- 
racy of Mr. licnnah’s statement, tliat our “ lime rocks contain no 
metallic veins;” I asn induced to olfer you some reasons for coincid- 
ingfully in his opinion. 

I believe I speak much witliin compass in saying, that the face of 
that rock is open to an extent of above four miles ; and that more than 
half of it has been in regular %vork within the last five years. For 
nearly the whole of this extent we get to the upper surface, and in 
several different places we trace its rcpi>so on, and alternation with, the 
clay slate, for a considerable distance. The cliffs and quarries are 
from .GO to 150 feet high, and cut the strata at all angles. Aiid the 
limestone itself forms only the hilly boundaiy of the sea, nine-tenths 
of it being exposed. 

1 think, therefore, it is almost impossible that a metallic vein, how- 
ever minute, existing in it, should have (escaped detection. 

The specimen you describe, as found at ('at Down, looks like a fact 
in oj)position to ll>is conclusion ; but 1 have several times traced tiui 
whole course of the extensive quarries in that situation from top to 
bottom (though my opportunities are not so freejuent as Mr. llennalfs) ; 
and although varieties of crystallization, and not metallic spec*imens, 
were my pursuit, the latter could hardly have escapetl me ; nor havt? 
the men etnployod in the quarries ever uientioncd such appearances in 
my hearing. 

That the iiuiics of Tavistock yield specimens of crystallized carbon- 
ate of lime, bearing abundant marks of their metallic coimcxion, anti 
much like the one in question, you are dtmbtlcss aware. J siH)ult.l 
hardly suppose, therefore, that you could have been deceived in it, 
though the little mineral’ dealers here are likely enough to maki: the 
mistake. But the considerations above related appear to me so deci- 
sive that were I to find a detached specimen, such as you de.scribi', at 
Cat-Down, any where but in situ., ! could not believe it to be the pro- 
duce of those quarries, where 1 have seen nolliing to whic h it appears 
at all related. 1 am, Sir, your most obedient, 

John Piudkaux. 


SIR, Cihnhf J*ly,Honth, March S, 

I perused, a few days ago, in the 26th number of tlio Annals tfi 
Philosophijy a quotation from a recent publication of mine, on tlie 
Lime Rocks of Plymouth,” in which 1 state that it is my opinion, 
that they contain no metallic veins, wliieh quotation is accompanied 
w ith an account of a particular specimen of quartz, <S:c. making part of 
a collection said to he from our quarries; and witli a suggestion, that 
the circumstance merited further inquiry. Being myself desirous to 
promote any investigation, which has for its object tlie correction of 
any error which I may have inadvertently fallen into, or the establish- 
ment of any point which I believe to be true, I hope your correspon- 
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ileiu will excuse lue tor requesting you to perniit me, through the 
same medium, to express roy doubts as to the accuracy of his informa- 
tion respecting iJic place from whence the specimen he so minutely 
describes originally came. , 

First, I wquJd ask, whether lie himself met with the specimen in 
question at the quarry? 11* so, iu which of the cjuarries was it found ? 
As there are many at Cat-Down, all of which 1 have frequently and 
carefully examined, w'ithout ever finding in them, or in any others, 
from the Dock Yartl to the b'erry House at Chit-Down, quartz in 7 uass, 
indepeiuhait of galena, and the other substances composing the stone. 

Secondly, if 3^)111* correspondent did not find the specimen himself, 
hut purchased it willi others, I w ould beg of him to compare it with ‘ 
such as he l-uoxvs lo he the leyjlininte produce of our Hinc rocks ; and 1 
tiiinkho cannot fail oi'remarking the great dissimil:irit y, if not the total 
want of any ///-.’arA.v lietweeti tliem. And ihen let him reflect: 
liow' little dcjx ndance is to be placed on the veracity of those who 
gcnerall}^ have such articles for sale; and wdiose dnplicit}’', art, or igno- 
rance, 1 iiave daily opportunities ol‘ detecting. 

1 would further state, that I have in my posscssioii a specimen so 
similar to the one above-tneiUioned, that 1 should almost be tcmptc'd 
to sa}', that both came fiami the same place. Mine is certainly from 
one of tile mim s iu the vic'initv^ of 'favislock, where the mixture 
ol* quart/., galeiia, clcn tke, :.s (reejnent and often curious. 

I w'lll 0UI3’ add 1113' sanguine expec'tation that this will meet with a 
candid i\‘ception, and an earlv plac*e in 3^0111* Annals^ and conclude iu 
tije ia.Nt words of 1113’ own ipublication ; “ that it will give me real ])le;i- 
sure at all tinu^s to rc'c. ive anv iid'ormation Irom others, whose personal 
knowledge aiul e.etiial res- Mrcliv.'S may enable them to throw* an3^ iiu'.v 
ligliL on the subject oi* tlu'se pages/' 

i rianain, Sir, your obediciit servant, 

llieiiAKD Ili.NNArr. 

The lulitor is enabled Instate, in r(:i>i3' to tbe foregoing letters, 
cUid in order tliat liie (juestion lo wliicb tliey relate 1003 be decided, 
tlial the small specimen described in the notice on tbe subject, inserted 
in the Annals f'or bebrnary last, was purchased in the latter pa.rt of 
Septcanber, ISJ*/, ^vILh s))e<-im‘_*ns of limestone and of slalae.lite unques- 
tionably^ obtained frum tlie i^lymonth roelcs, of iOdmimd ?.! o.ss, <puur3^- 
man, at Tat- D«v.iu 'flic author oV llu* notice I'crtalnly has not iiiis- 
taktm calcareous spur i\n' quartz, i\ paragrrq)!! in iMr. Frideaux's letter 
inq>lies him to have done. • 

V. On the Depression nflJir lluronieler iu Dec. IHLM. 

15 y iMr. A. Edwin. 

The following observations on the extraord:nar3 dc'pres^ion of tbe 
barometer in Dec. 1821 , were made in Owcifs-rowg near I.-?<ington, 1)3' 
Mr. A. Edwin; and have been eommunicated by him, in e()m])liance 
w ith tlie recjuest ol* Frof. ih*andes, inserted in the Aiif.’ah tor October 
last. The basin of tbe barometer is situated about 40 Eet above llic 
bed of tlie New* IJivcr, whicli runs bt'forc tiuj house. 

On Dec. 1 1 , the barometer was at 30 13 inches, and tlic ncv' graduallv" 
descended, with some slight intermediate elevations, until it fell to 
28*74 inches on the 24 t]i at 8 a. m.- 
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VI. Alkohometrical Application of the Thermometer, 

In the Annals for October last (p. C'95), we gave an account of 
j\I. Groening’s discovery on this subject ; and we now present a tabu- 
lar view of the results of his experiments : • 

Spirits of wine holding, ac- Temperature of the Temperature of the 
cording to Tralle’s alcolio- boiling liquid, ac- vapours, according to 
meter at a temperature of cording to Fuhren- Ffdirenlicit. 
tiO*^ Fahrenheit. heit. 

Per cent, of alcohol. 


93° 173'18o 170-37° 

90 174‘31 171*5 

85 174.-87 172-OG 

80 175-46 172-63 

75 176-56 173-75 

70 177-71 174-87 

65 178-83 176-0 

60 179 40 176-56 

55 179 97 177-12 

50 181-62 178-83 

45 182-19 179-40 

40 183-31 180 5 

35 185-0 — 

30 187-25 1850 

25 189-50 187-25 

20 192-40 190-62 

15 195-77 194-0 

10 200-84 199-06 

5 205-30 204-12 

0 212-0 210-0 


VI r. A ccount of a new jSlincral^ named ChloropaL 

Ih'uf. liernhardi, of Erfurt, and Dr. Ku^iolph Brandcs, have given 
the description and analysis of a new mineral^ which they call Chloro- 
})al, and of which they distinguish two varieties, the conchoidal and 
the earthy. 

It occurs not far from Unghwar, in tlie Comitate of the same name, 
and liad received the trivial name of green iron earth. The concitoidal 
variety is pistaciiiio-green, the powder yellowish-white ; it is scarcely 
translucid on the edges, fracture conchoidal, hardness between Huor 
and calcareous spar, fragile ; its s]>ecihc gravity, according to the jneau 
result of diiTerent experiments, approaches very nearly to 2,000. The 
parallelopiped fragments into which it is apt to break have on the* face 
which, in their natural place, has been turned upwards, a posi- 
tive magnetic pole ; on its lower face a negative. Eour other polc.s 
occur on the lateral edges, of wliich two adjoining are positive, and 
two opposite negative. The mineral has, therefore, three magnetical 
axes, w hich pass each other at right angles, and agrees in that respect 
with opal ; but is quite different from quartz and other similar minerals : 
it does not phosplioresce. 

TJie earthy variety has the same magnetic properties as tlie former ; 
its fracture is earthy; its specific gravity 1,870; that of another piece 
lf727. Both occur with opal. 
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The composition of tlie conchoidal chloropal is : 

Silica 46 0 

Oxide of iron 65*6 

Magnusiat 2*0 

Alumina T0‘ 

Potasli and manganese Traces 

Water 1S*() 


100 0 

The earthy chloropal contains : 

Silica 4.5*0 

Oxide of iron iVI O 

INIagncsia 20 

Alumina 0*7.5 

l\)tash and manganese Traces 

Water 200 


90 7.5 

Experiments were made to dl^eovtr fluoric acid, suljiluiric acid, 
lime, and potash, but none was found. 

VIII. On iJic Gnhvuiic Ignition of' VJiarcaaL l>y Mr. W. Wc.;t. 

(To the Editor of iXia Annuli of PhlUisuphu,) 

Sill, Fi-h, 

In the An)inh o/' Philosophic for Aug. 1822, there appeared a i*oin- 
niunication IVom Dr. Hare, of IMiiladeiphia, to the Editor, containing 
an account of various interesting phenomena ])roduceil by means of 
his galvanic deHagrator ; one of these is the ignition of charcoal. 

I)r. Silliman, in a letter ipioted in the above communication, after 
dc.scri!)ing the appearance of the charcoal at the respective poles, tin? 
cone and deposit at the positive, the concavity at the negative*, goes on 
to state as a discovery . his liavlng observed these appearances, and 
adds, I deem it indispensahle that the experiments he performed 
with the deflngrator.’' 

About twelve months since, when exhibiting the ignition of char- 
coal before the members the Philosophical! Scjciety here, I was 
struck with the effect on the charcoal being so opposite at the two 
])oles; the crater on the negative side being well defined, and about 
one-pighth of an incli deep, the cone on tlu' positive cluu’coal corrt*s- 
])onding, and having at its apex a filament which continued lengthen- 
ing 'until broken off by its own weiglit. I jiointed out this in my lec- 
ture, but though, as far as I ivcolloct, it had not then been mtjntioned 
in any v/ork, I imagined all Mho had observed the ignition of* charcoal 
with a powerful battery must have seen tlie same effects produced. I 
luive siiu*e repeated the experiment scweral times, and have verified 
nu^st of the jiarticulars mentioned by Dr. Silliman; I think that the 
vapour arising from the charcoal is mori^, abundant when the ignition 
takes place in vacuo than ivhen in the atino>plicre. 

I wish to observe more accurately than Dr. Silliman appears to have 
done, whether there he an increa.se of weight after ignition in the char- 
coal at the positive pole; but having little prospect of leisure at pre- 
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sent, 1 take this mode of calling attention to the subject, since some 
who would be likely to pursue it might be discouraged by Dr, Sillituaifs 
statement of the inefficacy of the common battery. 

The subject is curious and highly interesting, since it involves the 
following questions: 

Is the charcoal fused ? 

Is it vaporized? 

Is it transferred from the one pole to the other, and, if so, in whaft 
nuuincr ? 

Would not satisfactory answers to these questions throw much light 
on many abstruse points, and especially on that most difficult (juestion 
in physics, the relation of radiant, or empyreal, or imponderable bodies 
to ordinaiymatter? Wili.ia.u West. 

IX. Oil a ^lincralogical JVorJc o/\Jjyr/C(jIa^ By G. Chnnberland, Esq. 

lion. Mem. (iS. 

(To liie J'^ditor of tlic ^ImiaLi of l*}nlosiiplnj^ 

Sill, Jinsiol, ‘h 

Vour correspondent, Mr. Conyhenre, at p. fiGG of the AnnaU for 
XOv. 1 in his analysis of the \rork of Vannoccio Biringuccio, asks 

IVom what wau'k ol‘ Georgio Agricola he relates “ the discovery of a 
mass of silver ore*, in one of the Saxon mines, sufficiently large* to make 
a table and a seat, or stool (tripode),’* In return for tin* satisfaction 
ins paper lias afforded me*, 1 have the pleasure to inform him that 
N'^annoccio Ibiind it in a dialogue, entitled “ 11 Berinamu)/’ in compli- 
nicmt to his friend Bermanno, the physician; placed at the end of 
AgricoUfs treatise “ On the Cxeneration of Tilings underground, witlc 
tlielr Nature and the Nature of Fossils;’* the otlier intm'locutors being 
Nicola Ancone and (iiovanni Nevio. In tin’s dialogue we have a very 
minute a(a*oiir.t and lii'^rory of the mines near Fribcrg, in Boliemiay 
one of’ the ried'est in silver of which, w as, according to his statement, 
that called Georges, from St. George (asim.y be seen leaf M) I, for the 
hook is so paged). At leaf MG, on the* blanl^ side, Bermanno states, 
that pure masses of silver are only found in Bohemia. 

InSneberg, in a mine calledGcorgio, more is found, he observes, than 
in all the other mines in Ciermany. for (as he has heard) there was once 
so large a mass extracted, that Duke Albert of Saxony, who, above all 
other princes of Germany, excelled in glory, arms, and wealth, ciiiil who 
was the father of that ( retirgii) wlio now is tiie sovereign Prince, having 
slopjied to see the mines, and called for some rcireshment, nuulg use 
of tliat great mass of silver for his table, and those wlio atconded liim, 
and had likewise dismounted ; and during his rejiast, he obseiVcd, 
“ the Emperor Frederick is powerful and rich, Imt he cannot sit down 
to-day at such a table as this!” Thesc; says he, were the words of 
the Duke Albert, astonished greatp^ at this prodigious mas^s of ])ure 
silver; “ but I was more astonished,” continues Ijcrmaimo, wlicn in 
Sneberg I beard a calculation of the amount of silver it had jirodwced.” 

To which Nevio replies, “ You tell us things very lumominon ; pray 
liat might that mas.s weigh ? ” and Barmanno answers, ” A little 
..loro than (x rnipeso) ten thousand pounds. 

Tin’s dialogue consists ef forty-seven leaves, the first of which is 
numbered 520, instead of ‘1*20, is really very interesting, and is 
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written in pure and elegant Italian; being a translation from the Latin 
of the author. It has a preface by Michael Tramezzino, the printer in 
Venice, 1550. Goorgio Agricola states at leaf 421, that his mo- 
tives for having entered so copiously into the study of metals, was 
their utility in the practice of the Greek and Roman physicians, of 
the fruits of which he modestly leaves others to judge, referring for 
testimonials to Bartolomeo Baccho and Lorenzo Bermanno, men of 
letters, as well as expert metallurgists, whom he has often, he says, 
wearied with his inquiries. 

During the dialogue, they ascend to the mining country, and while 
examining the operations of the mines, discuss many interesting sub- 
jects relative to the acquaintance of the ancients with the nature of 
metals, and to the uses to which they applied them in medicine ; 
also respecting the nature of phimbagine, pyrites, red silver ore, earths 
of various colours, minium, cinnabar, rubrica, spars, gypsum, &c. 

In Froben’s Folio, 1563, of Agricola’s Arte Metalli, translated from 
the I^atin into Italian by Michelangelo Fiorio, of Florence, and# 
him dedicated to Queen Flizabeth of Kngland, there is anotLM* 
dedication of the w ork, by Agricola himself, to the Duke ol’ Saxony, in 
which, after recapitulating all that (ireek and Latin authors have 
written on the subject, he adds, “ In our language, I find two only ; 
one relating to experiments on ores and metals, which work is very 
obscure, and its author unknow n ; the other on mineral veins, which 
is said to have for its author, Fandolfo, an Englishman.’' Query, who 
was this Fandolfo ? A book in German also, he says, v\as written by 
Calho Fribergo, a physician of hut little reputation ; and all these, it 
should seem, wrote previously to Vannoccio Birenguccio ; but of him 
lie speaks so handsomely, that you wdll permit me to give it in his Ovvn 
words : 

“ Poco ha iziandio che Vannoccio Biringuccio da Siena, ho77io dotto 
4’ ispcrime7itnt() itt molte coscy fece un lihro in lingua Italiana, nel quale 
tra trattato del modo di fonderc, spartire, et insieme i 

metalli. Ha eziandio con hrevita trattato del modo di cuocere alcune 
vene et pue chiaramente ha dichiavato c mostrato il modo de fare 
alcuni sughi : e quandd. lo Icssi queste sui cose, mi ternaron a niente 
quei che gia vidi fare in Italia : ina Faltre cose che io scrivo, o egli 
non I’ha punto toechc a legiennente adding, tliat the hook was given 
him by Badoaro, a noble Venetian, when passing througli Marienhurg as 
Ambassador to King Ferdinand. Might not, therefore, this work he 
interesting to Englisli artists, if carefully translated ? 

I am, Sir, yours, <ic. 

G. CUMaEULAND. 


. Article XIII. 

NEW SCIENTIFIC BOOKS. 

PriEPAllING FOR PUBr.rCAl I 03 V. 

Dr. Pring, of Bath, will sliortly publish an Exposition of the Princi- 
ples of Pathology. 

Capt, Franklin’s Narrative of his Journey from Hudson Bay to the 
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Copper Mine lliver, is in the Press. It will be illustrated by numc- 
rous Plates. 

Mr. Bowclirh has in the press, a Sketch of the Portuguese Establish- 
ment in Congo, Angola, and Benguela, with some Account of the 
modern Discoveries in the Interior of Angola and Mosambiejue. 

JOaT PfITILlSIlFl>. 

An Epitome of the Elementary Principles of Natural and Experi- 
mental IMiilosophy ; including Mechanics, Pneumatics, Acoustics, 
Hydrostatics, and Hydraulics : with a copious Account of the Progress 
and present State of the Steam Engine. By John Millington, MGS, 
Professor of Mechanics at tlie Jloyal Institution, Secretary to the 
Astronomical Society, dc. 1 Vol. 8vo. with If Plates. Tlie 

author announces a Second Part, wliich is to treat of Magnetism, Elec- 
tricity, 0[)tics, and Astronomy. 

A Geometrical System of Conic Sections for the Use of Mathema- 
tical Students at the iloyal Liverpool Institution. 8vo. G.9. Q(L 

Elements of Practical IMechanics- By Giuseppe Vcnturoli, Pro- 
fessor of* Mathematics in the University of Bologne. To which is 
added, a Treatise upon the Principles of Virtual Velocity, and its Uses 
in Mechanics. Translated from the Italian, by Daniel Cresswick, 
DD. Ecllow of '] Villi ty College, Cambridge. 8vo. 8.v. 

Observations on the Etlects of Lightning on Floating Bodies, with 
an Account of the new Method ofappljnng fixed and continuous Con- 
ductors of Electricity to the INFasts of Sliips. In a Letter to Vice- 
Admiriil Sir 'Hiomas 15yam ?>Iartin, CVmiptrollcr of his Majesty’s Navy, 
t've. cvc. B}^ W. Snow Harris, INI lit’S. 4to. With Six Plates. 12.?. 

An Fjssay on the Medicinal ElKcacy aijd Employment of the Bath 
Waters; illustrated by ilemarks on the Physiology and Pathology of 
the Animal IVanie, with Ilefcrence to the IVeatrnent of Gout, lihou- 
matisni, Palsy, and Eruptive Diseases. By Edward Barlow, MD. 
(Graduate of the University of FMinburgli, and one of the Physicians 
of the Bath Hospital, ikv. 8vo. 8.?. 

Digitalium Monograph ia, sis tens Historiam Botanicnm Generis; 
tabulis Omnium Speciarum hactenus cognitarum illustratam, ut pluri- 
muin confutis ad leones F. Bauer, penes G. Cattley Arm. cure 
J. Lindley, FL8. et FIIS. Folio. With 28 Plates, 4/. 4^. Coloured, 
6 /, 6 .?. 

The Natural History of the Lcpidopteroiis Insects of New South 
Wales, Collected, engraved, and faithfully painted after Nature, by 
J. W. Lewin, ALS. late of Paramatta, New South Wales. 4to. JVith 
19 Plates, \l. 11.?. ; or finely coloured, 2/. 8.?. 

The Birds of New South Wales, and their Natural History. BJ’ the 
same Author. 4to. With 2(> I'lates, 2.?. 2.?.; or coloured, 6/. 6s. 

The Linnean System of Coiichology, describing the Orders, Genera, 
and Species of Shells, arranged into Divisions and Families, with a 
\'iew to facilitate the Student’s Attainment of the Science. By John 
Mawc. With 86 JMates. Plain and coloured Frontispiece, IL Is. ; 
or the whole beautifully coloured, 2/. 12.?. 

All Account of some recent Discoveries, Hicroglyphical Literature, 
and Egyptian Antiquities ; including the Author’s original Alphabet, 
as extended by Mr, Cliampollion ; with a Translation of five published 
Greek and Egyptian Manuscripts. By Thomas Young, MD. FRS. 
<^c. With Plates. 8vo. 75. 6c/, ’ 
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A Statistical and Commercial History of the Kingdom of Guati- 
mala, in Spanish America ; containing important Particulars relative 
to its Productions, Manufactures, Customs, &c.; with an Account of 
its Conquest by the Spaniards, and a Narrative of the principal Events 
down to the present Time. From original Records in the Archives, 
actual Observation, and other authentic Sources. By Don Domingo 
.Tuarros. Translated by J. Baily, Lieut. Roy. Mar. Illustrated with 
Maps. IGs, 

Columbia; being a Geographical, Statistical, Agricultural, Coni' 
mercial, and Political Account of that Country; adapted for the gene- 
ral Reader, the IMcrchant, and the Colonist. W ith a Map, and Por- 
traits of Bolivar and Zea. Si Vols. 8vo. J/. Kj.v. 


Article XIV. 

ISEVV PATENT^. 

G. Richards, of Truro, Cornwall, architect, for certain improvements 
in grates, stoves, furnaces, and other inventions; for the consumption 
of fuel, and in the flues connected with them, whereby they are ri n- 
dered more safe, and the smoke prevented from riturning into the 
rooms in which tliey arc placed; and also, for an improved apjiaratus 
for cleansing the same. — Dec. lit). 

T. Rogers, of Store-street, Bedford-Fquare, Middlesex, I'sq. for a 
method or apparatus for the purpose of attaching trowsers aiul g;nlcrs 
to boots and shoes. — Dec. 26. 

J. Neville, of New- walk. Shad Thames, Surrey, civil engineer, for 
an improved method of producing and applying heat to, and construct- 
ing and erecting furnaces and other reservoirs, several used lor the 
various purposes of roasting or smelting metallic ores, or other sub- 
stances, and likewise for effecting a saving in fuel, and producing a 
more complete combustion of smoke than at present takes place, as 
well as a better mode than any now in use, of collecting and preserving 
any volatile substance contained in, or combined with, metallic ores or 
other substances in the separation of which heat is necessar 3 ^ — Jan. 8, 
1828. 

W^ Johnson, of Great Totharn, Essex, Gent, fora means of obtain- 
ing the power of steam for the use of steam-engines with reduced 
expenditure of fuel. — Jan. 8. 

VV. Lister, of Baildon, Otley, Yorkshire, cotton-spinner, for certain 
improvements in the method and machinery for preparing and spinning 
wool, silk, mohair, and other aiiLinal tibre, of ai'.y quality or length of 
staple. — Jan. 16. 

R. Copland, of Wilmlngton-squarc, CJerkenwell, Middlesex, Cient. 
for combinations of apparatus for gaining power; ])art of nhich arc 
improvements upon a patent already obtained by him for a new or 
improved method or methods of gaining power, by new or improved 
combinations of apparatus ajiplicable to various purposes. — Jan. 16. 

G. Miller, of Lincoln's Inn, Middlesex, Brevet Lieut.- C’ol. in the 
Royal Brigade, for a method or plan of communicating the spiral 
motion to shot and shells when tired from plain barrels, and for ignit- 
percussion, shells to which the spiral motion has been thus 
commuoicated.-— >Jap. 16 . 
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Articlk XV. 


METEOROLOGICAL TABLE 
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The obhcrvatioijs in each line of the table apply to :i ])enod of twenty-four hours, 
hi’u;inninjT at 9 A. iM. on tlie day indicated in the first coluniT:, A dash denotes that 
the result is included in the next following obsc*r\ation. 
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REMARKS. 


St’coml Month.— \ — 3. Rain. 4, 5. Fine. 6. Snow began about two, ra. 
7. Rain. 8, 9. Fine. 10 — 19. Rain. 13. Fine. 14. Rain ; some hail in the 
afternoon. 15. Rain. 16, 17. Cloudy. IS. Fine morning: rain in the evening. 
19. Fine day: very wet and stormy night. 90. Very line : a distinct lunar halo in the 
evening. 21. Overcast. 22. Rainy. 23. Heavy rain: a violent driving shower of 
hail, which continued for about one minute, when it abated a little : night very boiste- 
rous. 24. Cloudy. 25. Rain: overcast. 26. Cloudy and fine, 27, Fine; a little 
snow, p. in. 28. Fine. 


RESULTS. 

Winds ; N, 1 ; NE, 5 ; E, 3 ; S, 1 ; SAV, 5 ; W, 6; NW, 6 ; Var. K 


Barometer : Mean hciglit 

For the month 29*620 inches. 

For the lunar period, ending the 2d 29-774 

For 14 days, ending the 12th (moon soutli) . 29*437 

For 13 days, ending the 25tli (moon north) • 29*812 

Thermometer : Mean height 

For the month . 38*660® 

For the lunar period 30*224 

* For 29 days, the sun in Aquarius. 36*034 

Evaporation 0*96 in. 

Rain 2-92 


Laboratory^ Stratford^ Third Mouthy 24, 1823. 


R. HOWARD. 



ANNALS. 


OF 


PHILOSOPHY, 


MAV, J823. 


Article I- 

Additional Jictnarks on the Uothe Todte Liegende and Weiss 

Liegcndc of (iernuin Geologists. Bv Thomas Weaver, Esq. 

MiiiA. Muds. mws. Mt;s. 

(To the Editor of the Anna/s of Philosopln/.) 

STR, Toftworf/i, April 

Jn my former papers, I endeavoured to elucidate the subject 
of the rothetodtlicgende formation, as wtII as that of the weiss- 
liegcnde, in such a manner as might obvi.ite all further miscon- 
ception or doubt ; ^ not by gratuitous assuviption, but by strict 
induction from the observations and descriptions of those who 
liave l)est studied the subject in Germany; at the head of whom 
stands Freiesleben. In conducting this discussion, it has been 
lay object constantly to bear in mind that the solution of a pro- 
blem cannot be falid, unless it embrace all the conditions neces- 
sarily belonging to it ; nor the sense of an author be justly given, 
unless the scope of his argument be fully considered in all* its 
branches and bearings. Partial views generally lead to filse 
results. Yet it seems 1 have failed in conveying conviction 
where I jiarticularly wished to impress it.f Nor is it difficult to 
account for the failure, since my opponent persists in attaching 
a meaning to the word rothetodtliegende, for which I confess 1 
cun find no adequate German authority. However averse to 

* AnnaU of Philosophu^ Oct. and Nov. 1891, and Aug. 1899. 

+ See the interesting ‘‘ Memoir illustrative of a general Geological Map of Europe, 
hy the Rev. W. 1). Conybcarc,’’ in thoAnmU of PhilOiojihy for Jan. Feb. and March, 
1898. 

New Series, voi.. v. 


Y . 
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controversy, a desire of supporting and vindicating the true 
state of the case, impels me once more to resume the pen. 

Mr. Conybeare insists that the rothetodtliegende is the equi- 
valent of the calcareous or new conglomerate of Kn gland, over- 
lyine: the carboniferous series ; and he even contends that 
rreiesleben considers and treats the rothetodtliegende and the 
true coal fornxation as appertaining to two different series ; add- 
ing, that the invariable order in ascending is, 1. Coal formation. 
2. Porphyry. 3. llothetodtliegende ; and sections arc ([noted 
from Keferstein, as demonstrative of this position. 

1 have already stated that the great object of Freieslebcn’s 
extended work was the description of the four following grou[)s, 
or formations ; opposite to which I place their Eugiisli ecjiiiva- 
lents. They are considered in four sections : 

I. The upper or shell limestone? 

formation 3 

II. The upper, or newer, or va-"| 

riegated, sandstone forma- >New red sandstone formation, 
tion J 

III. The lower or alpine lime-"^ Magnesian lirnestoneformation, 

stone formation, including including the ca/careous or 

the weissliegende as the low- itetv conglomerate as the 

est bed ^ lowest bed. 

IV. The lower or older sand- 

stone, or rothetodtliegende, 
formation 

I have maintained that the weissliegende alone (and not the 
rothetodtliegende) is the representative of the calcareous or new 
conglomerate of England.* The general description of the new 
conglomerate is to be found in the Annals of Philosophy for 
November, 1821, and more at large in Ereieslcben, vol. iii. p. 239 
— ^280. It is to that author the Germans owe the clear exposition 
of the true character of the weissliegende, and the proof that it 
belongs to a newer series than the carboniferous ; while almost 
all preceding German writers had considered the weissliegende 
as the uppermost bed of that series, and included it accordingly, 
and some even had called it rothliegende. But to continue so 
to. apply the latter denomination is obviously to persevere in an 
antiquated error, exploded by Freie^^leben. And conversely, to 

♦ I purposely avoid using in this paper the term ‘‘ new red conglomerate or sand- 
stone,’* by which this formation has been partly designated in Kngland ; since it has 
led, and, &’ continued, is likely still to lead to misconception. As used by some liilnglish 
writers, it denotes the calcareous conglomerate ; sometimes it intludea the magnesian 
limestone, and sometimes it is extended to the new red sandstone formation also, pro- 
perly so called. A vagueness of language thus arises, which is productive of consider- 
able obscurity ; offering nearly a counterpart to that which has proceeded fVom the indis- 
criminate use of the term rothetodtliegende in Germany, as applied to all parts of the 
carboniferous series. 




Carboniferous series. 
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call the true rothetodtliegende the new conglomerate, and then 
to build on this misapplication of the term, is a sure method to 
vender a subject, otherwise simple and clear, involved and con- 
fused ; and thus calculated to mislead both the writer and readeV, 
conlirining the remark of Bacon, that while men believe their 
j eason governs their words ; it often happens, that words have 
])ower enough to react upon reason.” 

I have maintained that the rothetodtliegende formation is the 
equivalent of the carboniferous series, extending from the old red 
sandstone to the coal formation inclusive, or vice versfu Now to 
]>ruve lhat Freieslcben’s own view of the matter is identical with 
that which I have given, I think it will be sufficient, in addition 
to the fiicts detailed in my former papers, to transcribe in this 
place the Synoptical Table of that author, prefixed to his fourth 
volume, whicli exhibits the method according to which he con* 
siders and treats this subject ; and then to offer a few remarks 
intermingled with such illustrative extracts from the body of the 
work, as bear more immediately on the question. 

“ SiiCT. IV. — T/fc Lotver Sandsfonc Roi'nialiotij or Rothe Todte 

JJegende. Die Untcre Sandstcin Formation (das Rothe Todte 

Liegeiide). ^ 

Occupying pages 07 — 210 of the fourth volume, and consi- 
dered under the following heads: 

I. 77fe Rothe Uegeude {Red Sofidstone) separatelt/ considered. 
Das Rothe Licgende an iind fiir sich betrachtet, p. 73 — 137. 

Beds com{>osing the Rothliegende, viz. conglomeratCy hrecduy 
s(tn(lsio}iCy slat If micaceous samlstoaCy indurated slaty clay, and 
i'i(ty marly p. 73 — 09. 

»Structurc, p. 99 — 107. 

Relative position, affinitieSy graduations y p. 107 — 118. 

Intermingled minerals, including also beds of Umestone, com 
pact splintery, sub-lamellar, or granular, p. 118 — 123. 

Distribution of ferruginous matter, p. 123 — 127. 

Veins in the rothliegende, p. 127 — 131. 

Petrifactions, p. 131 — 130. 

Springs and inineral waters, p, 136, 137. 

II. The Subordinate Members. Untergeordnete Gebirgsartisn, 
p. 137_191. 

1 . Porphyry and amygdaloid, p. 137 — 147. 

2. Coaly shale, p. 147 — 109, 

3. Coal, 170— 191. 

Distinctions hitherto made respecting the relation of the coal 
formation to that of the rothliegende, p. 170 — 172. 

Occurrence of coal, 172 — 191. 

In Sangerhausen, p. 173 — 175. 

In Stollberg, 175—^178. 

In Anhalt Bernburg at Opperqde, &c. and in the Circle of the 
Saale, 179. • ^ 

Y 2 
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In the Forest of Thuringia, p. 179 — 191. 

Ill, Occurrence and Di$tributio7i of the Formation in general. 
Vorkommen iind Verbreitung, p. 191 — 210. 

In Maiinsfeld, extending into Anhalt, p. 191 — 193, 

In the Circle of the Saale, 194—195. 

In Sangerhauseti and Stollberg, 195 — 197. 

In KiffhViuser, Bottendorf, and Gera, 198 — 200. 

In the Forest of Thuringia, 200 — 206*. 

In other parts of Germany, RiegcLsdorf, Hesse, Wiiternberg, 
Mark, Silesia, Bohemia, 207 — ^208. 

In countries beyond Germany, 208 — 210. 


Appendices and Additions to vol. iv. p. 210 — 392. 

1 . On transition clayslate and greywacke tracts in the Hart/, 
Neustadt, &c. p. 213 — 228. 

2. Geological and mining observations on the collieries at 
Opperode, Meisdorf, &.c. in Anhalt-Bernburg, and at Wettin, 
Lbbegiin, Petersbcrge,&c. in the Circle of the Saale, p. 229 — 26*8. 

3. Letters relating to the«shell limestone, new red sandstone, 
and lower limestone formations, described in the three first 
volumes, p. 269 — 294. 

4. Additional observations on 
sandstone, lower limestone, and 
p. 295—392.’^ 


tile shell limestone, new red 
rothetodtlicgendo formations, 


With this Synoptical Table fora guide, and Frcieslebeii’s descrip- 
tions in illustration, it has been a great surprise to me that any 
one should ever have doubted that the older sandstone, or rothc- 
todtliegendc formation of the Germans, was the representative 
of the carboniferous series,"^ 

After the details into which I have formerly entered, the more 
immediate remarks required on the preceding synoptical table 
may be confined, y/;s/, to the rothliegende separ^.tely considered ; 
and secoftdlty, to the nature of its connexion ynth tne coal form- 
ation. 

1. Now with respect to the rothliegende considered separately y 

♦ It may be useful in this place to refer to the origin of the expression rothctodtlie- 
gende, or red dead Her. It has been applied to the carboniferous scries in general for 
this reasoiv; that in some quarters the coal formation associated witli red sandstone as one 
of its members ; in others, the old red sandstone itself (both more or less strongly cha- 
racterised by the diffusion of red oxide of iron), form the immediate support of the 
weissliegende or new conglomerate, and bituminous marl shale, the twp former thus 
acting in relation to tlie two latter as the red dead Her ; that is, as the red substratum, 
comparatively barren of metal, in contradistinction to the superincumbent new conglo- 
merate and bituminous marl shale, botli <»f which are abundantly metalliferous. 

I may here repeat the remark, which I made in a former paper iAnnals of Philosophy., 
January, I8!i23), that the expressions todtliegende, rothliegende, and rothetodtliegendc, 
are synonymous, the two fonner being frequently employed fur the sake of brevity. 
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if we pay due attention to its jdiysical characters^ and to its 
relative position^ a/fiailies, and graduations^ I know not how it is 
possible to resist the evidence thus afforded, that it represents, 
in its lo'uwst jHjsition^ the old red sands'tone of English geo- 
logists. 

The general characters of the beds composing the rothliegende 
as consisting of conglomerate , breccia y sandstone y slaty micaceous 
sandstoney indurated slaty clayy and clay marly have been given in 
the Annals oj' Philosf)phy for Aug. 1822, p. 84 — 8(i ; and I there 
adverted to their agreement with those of the old red sandstone 
of (iloucestershire (and of the adjoining counties), and also of 
tliat of Ireland. But no where is the analogy to be found 
more complete in all its parts than in the old red sandstone of 
Scotland, particularly that portion of it which borders the 
northern side of the Scotch great coal tract,'^ I know no other 
portion of tlie carboniferous series, with which the rothliegende 
in its lowest position can be said to correspond so perfectly. 

With regard ttj the relative position and a[)inilics of the roth- 
liegeude, the following extracts from Freiesleben may suffice. 

V\d. iv. p. 107, et seq. The rothliegende is always 
bounded on the one side by one or the other member of the 
(‘upriferous shale tract, lying generally immediately below the 
i^alcareous or new conglonuirate (weissliegendc) or the cuprife- 
rous marl shale; but its confines on the other side are less deter- 
minate. Here it graduates principally into tracts of greywacke 
and ( layslate, or [)orphyry, accordingly as it reposes upon, or 
forms basins iiq one or the other of them.'^F 

In several districts, its immediate lower boundary is formed 
by one or the other of these tracts ; but in some others a forma- 
tion of coaly shale or coal is found interposed between them.”} 


* Sec Dr. liouu’s instructive dt.*scrij)tioii nf the po/ulhiirurs rr ^rcs roff^rx of Scotlanil, 
]), 102 — 110, of the Kssai (reologique sur TEcosse; and compare it with Freiesleben 'a 
tlescription t»f the rn1?tlU\tr('ndt\, vol. iv. ]). 7.S — The two descriptions agree so 
perfectly as to answx*r nearly one for the other. 

+ To render the above paragraph perfectl) clear to Uie English reader, it is neces- 
sary to bear in mind tliat the red Mtudsionc of the coal tracts of Crermany, bears the name 
of rothliegende as well as the fundamental portion of the carboniferous series, namely, 
the old red sandstone. In point of position, the former might be partly compared to the 
red sandstone found in some of the English coal fields, which, appearing at intervals, some- 
times forms beds of great thickness and extent, dividing the more common coal bear, 
ing strata from each other, and partly known by the name oC pennant xtonCy e. g. in the 
^xloucestershire south coal field. Tt is one of the peculiarities of several of the coal fields 
in the north of (icrmany, that coarse red conglomerate and red sandstone are found fre- 
ipiently alternating on a greater or smaller scale witli the other coal measures^ the former 
l»artly resembling analogous beds in the fundamental old red sandstone. This is parti- 
cularly observable in Ijower Silesia, where a bed of coarse red conglomerate generally 
forms the immediate roof of the coal seams ; a bed of slate clay of seven feet in thick- 
ness being there a rare occurronce. Sec l>^on Ihicb, Gcog. Beob. vol. i p. 90 and 101. 
Also Freicsleben’s description of the Opperode and Petcrsi)ergc coal districts us quoted by 
me in the Annals of Vhtlosoptuty August, 1822, p. 87 — 89; and Von Raumer in the 
AnnuUof PhMosophpy Oct. 1821, p. 218—250, and Aug. 1822, p.91— 9:i, 

This observation retpiires attention, and will be duly noticed hereafter, p, 329, 
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Generally speaking, the rothliegende seems the more dis- 
posed to receive foreign ingredients into its composition, as well 
as beds, the nearer it japproaches to the fundamental rocks upon 
which it reposes. And it is not to be denied that ymsscs.scs 
many points oj' agreement ivith transition Iracls; so much so, that 
some geologists are disposed to rank it rather with the transition 
series, and to commence the ttoetz series only with the rocks 
peculiarly belonging to the bituminous or cuiuiferous marl 
shale * (of which the weissliegende, or new conglomerate, is the 
first or lowest member). 

The connexion of the rothliegende with transition greywacke 
and clayslate tracts, is exemplified by a reference to the districts 
of Mannsfeld, Sangerhausen, and StoUberg, where it reposes 
upon, and partly graduates into them. 

Its connexion with porphyry (trap also occurring in tlio asso- 
ciation), is stated to be particularly well exhibited in the Forest 
of Thuringia, the two formations not only alternating with, but 
appearing in a manner ditl’used in each other ; e. g. in the north- 
ern declivity of the Schneekopf, and again extending from the 
Grossen Buche into the Schmiickengraben in the same moun- 
tain. Its intimate alliance with porphyry is shown also in 
Mannsfeld. — (See Annals of Philosophy ^ Aug. lS2‘i, p. 87.) 

In all these cases, the ingredients which compose the voth- 
liegende are said to vary more or less according to the constitu- 
tion of the transition or primary tracts upon which it reposes. — 
(See Freiesleben, voL i. p. 32 — 34, and p. 43—40* ; and also vol, 
iv. p. 67—99.) 

Both relative position and physical- characters, therei'ore, 
prove that the rothliegende constitutes, in ?7.s‘ lowest jiosition^ the 
fundamental portion of the series, or what is designated in 
England as the old red sandstone. 

2. The same inference is to be drawn, from considering tlui 
connexion of the rothliegende with the coal formation. 

On this subject, Freiesleben (see p. 170 — 172 of vol. iv.) 
adverts, in the first place, to the distinctions formerly made in 
Germany respecting the relation of the coal lormation to the 
rothliegende ; some writers having considered a portion only of 
the com formation as included in the rothliegende, while others 
incorporated the whole of the coal formation with the rothlie- 
gende ; thus constituting, o^ one group with t wo divisions^ 

one simple unbroken series. As an exemplification of the latter 
mode of considering the subject, he produces the arrangement 
of Karsten, who gives the following beds as a type of the general 
series, taken in an ascending order : 


f S«e Von Hoff in Leonhard's Taschenbucli* Jaiirgang. viii.” 
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1 . Conglomerate of ancient rocks."] 

2. Siliceous conglomerate. 

3 to 8. Coal, sandstone, and shale. 

9. Trap rocksi*. }> 

10. Clay ironstone. 

11. Rothliegende. 

12. Weissliegende. J 


All comprehended in one 
general group, entitled 
the older sandstone^ or 
rothetodtUegende format 


Now what is the observation of Freiesleben upon this series? 
lie says it is too general, and not sufficiently distinct, and* 
therefore, for the sake of greater clearness and precision, he 
considers it necessary to dei^crihe tlie rothliegende and the coal 
formation under separate heads : and he arranges the subject 
accordingly, as displayed iii the synoptical table, leaving for his 
third and last division the account of the occurrence and 
distribution of the series in general. 

It is obvious from the structure of that table, that coal is con- 
sidered by him in a general point of vieto as a member of the 
older sandstone or rothetodtUegende series ; and so far he conti- 
nues to adhere to the arrangement of his predecessors. But he 
(jualifies this general view by a more particular one, expressed 
in the following words : 1 havti throughout my present exposi- 

tion considered the rothliegende and the true coal tracts (eigeat- 
liche steinkohkaigebirge, with siliceous conglomerate, slate-clay, 
and bituminous shale), as two verj/ closeh/ allied formatiomy but 
which ought nerertheless to be ilistinguished J'ront each other. 
And hence in my descriptions I always make a distinction 
hetweenihe true coal tracts^ and thosesiugle beds of coal that occur 
incidentally subordinate to the rothliegende."^ f This particular 


* The series given above is also quoted by Mr. Conybcarc, on which that gentleman 
observes, ‘■‘If we look among these rocks for the representutive of our own old red 
sandstone, it nmst be souglit in No. I and not in No. 11;” an observation in which 
I perfectly agree with him, since it is one of the points for whicii I have been contend, 
ing ; in confiniiation of whicli 1 have to observe, that No. 1 and of that series do in 
fact represent tin; toxcr.yf j,nriio// of the rothliegende of Freiesleben. 

But that Karsten*s grou}) is to be considered as a general type of the older sandstone 
series, and not as expressing with precision the order of succession throughout, appears 
evident from the introduction of trap rocks and clay ironstone under ]S\is. 9 10. 

The two principal members of tlie series arc first expressed, namely, the old red sand- 
stone by No. 1 and 2, and the coal formation by No. .‘I to 8. Then trap and clay iron, 
stone arc noticed, the former as being incidental both to the old red sandstone and to the 
coal formation, and the latter as more peculiarly belonging to the coal formation. With 
respect to the rothliegende. No. 11, 1 must repeat tliat it is in this position a term, 
denoting the upper portion of the coal measures, where interstratified with and divided 
by red sand.stotic on a greater or smaller scale as one of its members. Ana lastly, with 
regard to the weissliegende No. 12, I must also repeat that this formation had been con- 
sidered as the uppermost bed of the older sandstone series by most (lerman writers, 
until Freiesleben demonstrated that it was the lowest member of the succeeding alpine 
limestone formation (answering to the English magnesian limestone), thus corresponding 
with the calcareous or new conglomerate of England. 

f I give the original passage in this place. “ In meiner gegenwartigen darstellung 
habe ich jeiUr^eit die furxnatlQn des rothliegenden und die eigentlichen steinkolilenge- 
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view, however, does not invalidate liis general position ; namely, 
that all the true coal tracts are comprehended in the older sand- 
stone or rothetodtliegende series ; an arrangement in which all 
German geologists have always concurred. 'Fhis state of the 
case is proved, not only by the synoptical table, but by the 
words oi the author^s text, from which 1 subjoin the following 
extracts ; 

Vol. iv. p. 179. It is quite certain that the bed of coal near 
Opperode, in Anhalt, lies in the rothliegende, and I must affirm 
the same of the coal near Wettin, both from my own observa- 
tions, and from the accounts of others, that may safely be relied 
on. But of these I need take no further notice in this place, as 
I mean to describe them in distinct dissertations in the second 
appendix to this volume.’’ 

1 have given the substance of these descriptions in the Annals 
of Philosophy, Aug. 1822, p. 87 — 89, to which 1 beg leave to 
refer the reader ; and in relation to which T w ill here only add 
two other extracts. 

Vol. iv. p. 194. The rothliegende extends from llettsfudt 
eastward beyond the river Saale ; ’’ and nearer toward Wettin 
its outcrop is covered hy the coal tract (nilher nach Wcltiu zu, wini 
sein aus^ehendes von steinkohlen^ehirge hedecki),^" And p. 123, 
where the same fact is relattal in the following words : I have 

been assured that beds of oolitic limestone have been nud with 
in the rothliegende that lies hdow the Wettin con! setuns^ This 
language, than which none can be more explicit, is quite consist- 
ent with that of Lehman, who speaks of tlie rothliegende as 
la base sur laquelle sont appuyvs les lits dn charbon de terref 
and which I quoted upon a former occasion.* 

Again, vol. iv, p. 208. Tlie coal tracts (-steinkolihingebirge) 
situated near Beuthen, PIciss, and Troppau, in Upper Silesia, 
near Schweidnitz, in* Lower Silesia, and in the south-western 
and north-eastern portions of tlie comity of Cllatz, are likewise 
ascribed by Von Buch, as well as by later writers, to the forma- 
tion of the todtliegende.L The todtliegende, however, appears 
in many parts of those countries in its usual form ; that is, desti- 
tute of coal.” The same fact is rejieated, p. 190, 191, with the 
addkiojti, Reuss likewise states, that considerable beds of coal 
« 

birge (niit kieselconglomerat, schielerthon, und brandscliiefer), als rsxvn/, nnaiidcr 
ffanz naJic «tchcudc, aher dcnnoch voit cimuidcr ztt trviiuvndr Jttrmulionvn^ betrachtet ; 
ilaher ich auch irnmer noch einen unterschied zwiseben deni weiterhin zu besclireibeiiden 
<untergeordneten) vorkommen rinzvlncr steinhohlc njloct zc im rothlicgendeii und zwischeii 
dem Cifft’ttilicheti stehikottlcnffclih'gc annehnie.” 

I avail myself of tliis opportunity to notice an oversight committed in transcribing 
the account of the lower coal field iieai Wettin (jiot IjblicgUn, as stated by Mr. Cony- 
beare), by having inserted “ rotlie todtliegende,” instead of “ rotlies tbonartiges lie- 
gendes,” as the lowest bed (No. 1 d) observed in tliat coal field. The error, however, is 
of no real importance, since the expression signifying an argillaceous bed of the rothlie- 
gende, it amounts to the same thing. 

f A^on Buch. Mineralogical Description of Landeck,” 
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occur ill the todtlicgciide in Bohemia.” And the same obser- 
vation is to be ibund in vol. i. p. 4G. j* 

\et with all these facts before him, Mr. Conybeare assures us, 
“ that the plan ofFreieslebeti's work does ^iiot extend to the coal 
formation, properly so called.” And why^ Because that author 
has made a distinction between the single beds of coal that occur 
incidentally subordinate to tlic rothliegende, and the continuous 
coal tracts. With equal justice might it be said, that the plan 
of a writer on the norlli-east of England did not extend to the 
loal formation, properly so called, liecausc a distinction was 
made between ihe single beds of coal incidentally disposed iii 
tlieiiarboniferous limestone of tluit tract, and the continuous coal 
jueasures. 

T think it needless to repeat in this place what I have already 
stated ill former communications (‘oncerniiig the occasional 
juxta-[)osilioii of the ohl rc'd sandstone and the (mal formation, 
as well as concerning their association with limestone, porphyry, 
and trap, respectively. 

There is, however, one part of tlie Gmman description (ad- 
verted to above, ji. 32G) that re([uires distinct notice, since from 
tin', language, (unployed, it has jnobably given rise to considerable 
luisappreheiisien. It is where it is said, that a tormatioii of 
Cindy shale or coal is interposed in some districts between the 
rothliegeudci and llio sulqaceut tracts of clayslate and greyvvacke, 
or p<u’phyiy ; pavlicularly in certain parts of the Forest of 
Tliuvingia. 3'liis representation seems to imply nothing more 
than that, in tlie gmieral expanse of the carboniferous series, a 
part of the coal formation is itself in particular quarters in con- 
tact with transition ov jnimary tracts. Vet, even in these cases, 
rothliegende is saitl to form the basis ol‘ the coaly shale or coal. 
Sf}e e. g. the account of the coaly shale near (Joldlautcr, in the 
Ijpper 'frogberg, near Breitenbacb, and other places, which 
indecid are considered by Von lloH' and Jacob as belonging to 
lh(i coal formation ( lh*eies]eben, vol. iv. p. 142 — ld9). See also 
tlie local occurrences of coal in various parts of the Forest, 
(lb. p. 179 — j91.) in several of these cases, both limestone 
and porphyry are associated in the series. 

Tlic preceding references and extracts from Freieslebeu have, 
I conceive, clearly pnjvcal, that tlie rothetodtliegende seizes of 
the Germans is the. representative of the carboniferous series of 
the English. And no where can 1 find any evidence in that 
author, by which it could be shown, that the rothetodtliegende 
series has any connexion beyond that of juxta-position with the 
weissliegende ; a formation, which, corresponding both in phy- 
sical characters and in relative position with the calcareous or 

♦ ‘‘ Keus.s. .Miricraloi^ische und UerpiiUnnisilic JSuiiicrkuiigcii uber lUihmen/* 

'Y 111 stating tliiit Von Uvu li and Jlciiss rclur die true coal tracts of Silesia and 
Uolieiiila to the todtlicgeiulc formation, it is tlie intention of Frciesleben to show that 
diey belong to the liist lloeU or curboniferous.series, in contradistinction to fonufttionv 
of coal of later origin (e, g. wood coal ) also found in tlios>c count];ici>. 
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new conglomerate of Kngland, can alone be considered as form- 
ing the first member of the succeeding series ; namely, of the 
gypseous and saliferous. The weissliegende, however, has, us 
already remarked, be^jn sometimes called rothliegende by some 
German writers, and this misapplication of‘ the term has thus 
also led to a confusion in description, which really does not 
exist in nature. And here, perhaps, Mr. Conybeare may find 
one of the sources of the misconception into which he has 
fallen. 

From all that has been stated, it is evident that Freieslebeu 
affords no support whatever to the position of my opponent ; 
namely, that the rothetodtiiegende is the equivalent of the cal- 
careous or new conglomerate of Fagland ; and that which is 
attempted to be derived from tlie sections of Kefersteiu must, 
for the same reasons, appear invalid. The order noticed there? 
in ascending is, it seems, 1. Coal formation; 2. Porphyry; 
3. Rothliegende ; 4. Alpine, or lower limestone formation ; 

5. New red sandstone.'^' 

Upon this section I have to observe, in tiie first place, that 
the weissliegende or new conglomerate being by Freiesleben 
included in the alpine or lower limestone foimation, 1 presume 
it is so included in No. 4 of this section ; and conse([uently that 
the rothliegende No, 3 cannot be intended by Keferstein to be 
its representative. And, in the second place, Freiesleben having 
clearly shown the ))orphyry and coal to be comprehended in liis 
general rothliegende series, tiie term rothliegende applies to the 
uppermost beds of the coal formation as well as to Uic lowest 
bed of the carboniferoius serievS.+ To exliibit , therefore, the coal 
formation, porphyry, tind rothlit*.geiKle, in the above order, as a 
type of the general series, is manifestly an impel 1‘ect mode of 
representing their mutual relations ; since the rothliegende (as 
has been showm from Freiesleben) is found alternating with por- 
phyry below the coal formation, and the coal formation itself 
occurs also alternating with porphyry. Tiic liict appears to be 
that in the section adverted to above, Nos. 5 and 4 (the latter of 
which comprehends also tlic new conglomerate'-' as the lowest 
member) constitute together ibo saliferous and gypseous series; 
while^Nps. 3, 2, and 1, belong to the carboniferous series, yet 
displi^ed in a manner that, so far from being luminous, conveys 
only an imperfect idea of the general subject. Of the two, the 
series presented by Karsten, though by no means complete (and 
from which the weissliegende must be excluded), is, as a general 
type of the rothetodtiiegende formation, superior to that of* 
Keferstein. Hasty generalizations and forced constructions, 
instead of jiromoting, tend rather to retard the progress of 

^ I quote from Mr. Conybeare, not having myself yet seen Keferstein ’s memoirs. I 
presume these memoirs arc compiled rather from the recorded observations of others than 
from original researches conducted by that author himself, 
the preceding remarks md notes on this head. 
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scieace ; and correct approximations can only be produced by 
close comparisons, and a careful attention to those details that 
lire but too often overlooked. 

Mr. Conybeare has promised to produae detailed quotations 
from Lehman* Karsten, Von Buch, Von Humboldt, Freiesleben, 
Von Rauiner, D'Aubuisson, and Keferstein (I place these names 
nearly in chronological order), all of which shall concur in prov- 
ing, that the great mass nf the. rothetodi Uegende occupies a posi- 
tion superior to the coal measures. Now, supposing even that 
this were the case, it could be of no avail to the argument of 
my opponent, as rothetodtliegende does not signify the new 
conglomerate. It is doubtless owing to such a prepossession in 
the mind of that gentleman, that he has ventured to assert that 
the whole of the rothliegemle (with its beds of limestone and 
porphyry), extending from the Hartz to the Petersberge on the 
Banks of the Saale, is in a position superior to the coal forma- 
tion. I must, however, take tlie liberty of observing, that this 
statement appears wholly unjustified, being an inversion of the 
fact, and decidedly at variance with the detailed descriptions 
and general scope of iM'eicsIeben's work. 

My opponent seems to have been misled, and to have adopted 
this notion, partly by misconceiving the true import of a term, 
and partly by taking an imperfect view of the series connected 
with the coal in the Ihlefelcl, Opperode, and Petersberge districts, 
fn the first of these, which ranges to the south-east past Neu- 
stadt, the constituent members appear (so far as they are 
exposetl) arranged in the following ascending order:* 

1. Coarse grained rothliegende, becoming gradually finer. 

2. Pine grained rothliegende. 

3. Common indurated clay. 

4. Floor sliale. 

5. Coal, divided by intervening shale Into three layers, 10, 8, 
and b inches thick respectively, forming altogether a seam 30 
inches thick, 

6. Roof shale. 

The roof slfale and floor shale, as well as tliat w^iich divides 
the coal seam, contain impressions of terns and reeds. 

7. Thin slaty indurated clay. , 

8. Trap, for a slioi t distance, which is partly aniygdaloWal. 

9. Porphyry, extensively, in abrupt cliffs, and in mountain 
masses. 

' 10. Rothliegende. 

The real purport of the term rothliegende in this* series has 
been already explained ; and 1 need here only add, that the 
group (being succeeded by the weissliegende or new conglome- 
rate, and the cupriferous marl shale), gradually thins off* to the 
eastward, until in the district of Questenberg, the weissliegende 

♦ See Frcieslcbeii, vol, iv. p. 175 — 178r, iwid idso p. 146, 147 j likcwiK vd. U 

p, 43, 44, 
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comes in direct contact with the transition tract; so that in fact 
there is no visible connexion between the carboniferous rocks of 
Ihlefeld and JVeustadt, and the old red sandstone which, pro- 
ceeding from the Stojlberg territory, ranges through Sangerhau- 
sen and Mannsfeld, and thence to the Banks of the Saale. But 
supposing a connexion to subsist between them (which is not 
impi’obable), though concealed by the newer Hoetz formations ; 
if we take into account the disposition of the rocks of Ihlefeld 
and Neustadt, tlm range being north-west and south-east, and 
the dip south-west, and conceive them to be prolonged in the 
line of their soutli-eastern direction ; it becomes evident, that 
they must be all in a position superior to the old red sandstone 
of Sangerhauseii and Mannsfeld, yet belong nevertheless to the 
same series. On the other hand, the coal formation at Oppe- 
rode appears, from the descriptioii of Freiesleben, to extend 
eastward to Meisdorf, and, perhaps, as far as Eiidorf, if not 
further, and to repose in that direction on the old red sandstone, 
which in its progress to the westward gradually tliins off. The 
relative position of the Petersberge coal tract has been already 
cl(‘aily explained. For its dt‘Scription, as well as that of Oppe- 
rode, see the Annals of Philosophy y Aug. 1822, p. 87 — 89. 

Let us now admit my opponents construction of Freiesleben, 
in the tract extending J rotn the IJarlx to the Petersberge on the 
Hanks of the Saale, taken' in a descending order, and see to what 
it leads : 

1. The rothlicgeude is the new conglomerate. It is covered 
by the weissliegende or calcareous conglomerate. 

N. B. From this it would appear as if the German series 
possessed a supernumerary new conglomerate.* 

2. The rothliegendo contains beds of porphyry, also )>eds of 
limestone, also single beds of coal. 

N.B. Impressions of' munocotylcdonoiis plants, considered as 
characteristic of the true coal formation, appear in this associa- 
tion. 

3. The whole of these are in u position superior to the coal 
formation, properly so called, which belongs to a different 
series. 

4. The plan of Freiesleben^s work does not extend to the coal 
formation, properly so called, 

N. '^B. Yet the plan of Freieslebeii’s work does extend to the 
transition tracts, upon which the rotliliegende, in its lowest 
position, is described as reposing, and into which it in a mannei* 
graduates.' Therefore, if wv were to combine these two views, 
the carboniferous scries would seem to be excluded from the 
geological succession altogether. Yet it is admitted that 

*■ The ^au^ral character of the weissliegende is that of a calcareous conglomerate, but 
it not unfrequendy appears iis a siVwcous conglomerate. Tlencc, though sujficicnthf 
bij other charaetcrsj it has been sometimes confounded with tlie rothlie- 

gende. 
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5. True coal formatioUvS do occur in the districts of Ihlefcld, 
Opperode, and Petersberge ; beside those which are found in 
Upper Saxony, Silesia, Bohemia, Thiiringerwald, &c. 

Now if we are to consider the coal formation, properly so 
called, and the carboniferous scries in general, as excluded from 
the plan of Freiesleben’s work (and as a necessary consequence 
from the works of Voii Buch, lleuss. Von Haunier, &c. also) ; 

1 should wish to be informed in what book or books, and in 
what specific form of words, any description of the carboniferous 
series of Germany is to be met with ? 

Contrast these inconsistencies with the following simple view 
of Freiesleben, extending from the Ilartz, to the Banks of the 
Saahj taken in an ascending order, and for the abstracted 
details of which I refer to the descriptions given in the Annals 
of Philosop/u/y Aug. 1822, p. 83 — 91. 

1. The rothliegendc, in its loivcsl position, reposes on the tran- 
sition tracts, into which it graduates in a manner. 

N. B. It thus represents the old red sandstone of the English. 

2. The rothliegendc contains iucidenlally single beds of coal, 
also beds of limestone, and beds of porphyry. 

N. B. Impressions of luonocotyledonous plants occur in asso- 
ciation with the coal. 

3. The preceding form the basis of the coal formation, pro- 
perly so called. 

4. The coal formation, properly so called, consists of the 
usual coal measures, which alternate with beds of porphyry, and 
beds ot' roth/iegende of gientcr or less extent (the latter being the 
red sandstone of the higher posttioii), 

N. B. 3'hi.s red sandstone of the higher position is exc/nsiindy 
designated by Mr. Conybeare as the rothetodlliegende, and as 
the first meml3er of the saliterous scries, in direct opposition to 
the general language of Freiesleben, The remains of monocoty- 
ledonous plants occur in the above association • whereas those 
of dicotyledonous plants appear in the gypseous and saliferous 
series. 

All the preceding constitute together the older sandstone, or 
rothetodtliegdnde, formation or series. 

5. The weissliegeiide, or new conglomerate, overlies the 
rothetodlliegende series, from which it is wholly distinct, donn- 
ing the first member of the gypseous and saliferous series. It 
contains no formation of coal, nor any formation of porphyry.* 

I think it needless to pursue this subject further ; persuaded 
that the explanations already given of the expressions the 
older sandst(»ne, or rothetodtliegende formation,” on the one 
hand, and llic weissliegeiide ” on the other, may supersede 

* The new conglomerate of Ihigland also contains no fonuation of coal, anti probably 
none of porphyry either. I have given my reasons, on a former occasion, for suggesting 
that the conglomerate and sandstone associated with aniygdaloidal trap in Devonshire, 
may be referable to a much earlier era, — (SeC A?inftts of Philosiyph if ^ Aug. 1822, p. 94.) 
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the necessity of further comment. Nor should I have been 
drawn thus far into controversy, had I not considered the exact 
determination of the question to be of primary importance, in 
ascertaining the true relations of a portion of the structure of 
the earth. 

Since, however, the term rothetodtliegendc formation has 
been productive of so much misapprehension in the minds of 
foreigners,* I venture to suggest to German geologists the expe- 
diency of abstaining from the use of it altogetlicr. By whatever 
means a more perfect harmony might bo established between 
the British and German descriptions, it could not fail to redound 
to the advantage of science. This object might be readily 
attained if German writers, adopting in part the language of 
English geologists, would for the future express the group by 
the term first Hoelz, or carboniferous series/^ instead of 

rothetodtlicgende formation,*’ and the individual members 
(^whenever circmmiaitccs will admit of ihe distinct divisioit) by 
those of old red sandstone, carboniferous limestones, and coal 
format! on And, in like manner, both countries miglit speak 
the same language if the succeeding grou]) were designated by 
the expression second fleet/, or gy[)sec.)u>s and salifbrons 
series,” and its individual members by those of calcareous 
conglomerate, low^er alpine or gyj)seous limestone, and new red 
sandstone, formations.'’ 

I shall close this paper by adverting to a few remarks con- 
tained in the memoir of Mr. Conybeare, referred to above, 
which require notice, being comiccled with the present 
question. 

1. My information respecting the Portishead case was derived 
from the order of superposition of strata ”, of Prof. Buckland, 
appended to Phillips’s Outlines of tlie Creology of iMigland and 
WalcvS, 1818. I find iliat Mr. Greenough also rested on the 
same authority, when stating that imperfect coal in thin beds 
occurred in the lower part of the old red sandstone (See group. 
No. 22, of the Ck^ologica.1 Map of England and Whales). Ihit the 
position being now retracted, the quotation becomes of course 
invalid. 

2. It is stated by Mr. Conybeare, that the coal seams 
which* occur in the tract ol' the carboniferous limestone are 
reduced to slight traces, which have never yet been worked.” 

This statement does not correspond with the representation 

* E. g. Omalius tVIfalloy, who has crrtmeouNly applied the term rothetodtliegendc 
to conglomerates belonging to the gypseous and salifcious series. — (Sec that author’s 
Geological View of the adjacent Parts of France and the Netherlands, in the 24tli vol. 
of the Journal des Mines. ' 

-j- Von Kaumer, in his description of the carboniferous scries of Eower Silesia, the 
county of Olatz, aiid part of liohemia and Upper liusatia, avends the expressions roth- 
liegentlc, todtliegcnde, and rotheto<ltlicgendc altogether ; designating the general series 
by the term the red sandstone (rother sandstein) formation.” — (See the dnnah of 
Oct. 1821, and Aug. 1822.) 
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of JDr. Bone in Scotland, from which it appears that the greater 
number of the Scotch collieries are situated in that portion of 
the tract which abounds in limestone.'^ 

According to that author, the carboniferous series, designated 
])y him under the general term of terrain du gres rouge^ or la 
irrande J'ormafJo?i dc gres rongCy^^ appears to be arranged in the 
Ibllovving order in the great coal tract oi’ Scotland : 

1 . Old red sandstone. Poudingues et gres rouges (in a restrict 

ive sense).J 

2. Coal formation. Ores houiller, divided into 

a. Lower portion. Assises infericures. 

/;. tapper portion. Assises superieures. 

r. Uppermost portion. Assises ies plus superieures. 

The old red sa/tdstonc, as thfj foundation of the whole, con- 
tains beds of trap and felspar rocks (partly porphyritic and 
ainygdaloidal), with whicli it also alternates, and likewise some 
l)eds of limestone. 

'The loirer portion, of the con! formation is characterised by an 
inconsiderable quantity of coal, by variable, masses of anthracite, 
by beds of' trap and felspar rocks (partly porphyritic and amygda- 
loidal), by beds of limestone, and by sandstone that is some- 
times of a rerW/sA hue. 

In the upper port io>i of the coal format ion y the trap beds seem 
gradually to disappear, and then follows only a fine series of' coal 
measures^ associated witli numerous alteniating beds of limestone. 
It is in this portion ot' the coal tract that the greatest number of 
the Scotch collieries are situated. 

The npjwrmost portion of I he c<pal format ion is distinguished 
by the absence of beds of limestone, by its abundance of coal 
and of vegetable impressions, and by the appearance of shells 
resembling freshwater species, lliis portion of the tract, which 
most nearly agrees in its general relatio^is with the great coal 
fields of England, is, however, of rare occurrence in Scotland, 
and appears to be confined to certain parts of Clackmannan- 
shire, and the environs of Falkirk and St. Andrew’s. Of the 
Clackmannanshire (-oal fields, a very able account has been given 
by Mr. Bald in the Wernerian Memoirs. 

Dr. Bouc dwells in particailar ou the numerous beds of lime- 
stone that are distributed throughout the greater portion bf the 
Scotch collieries, and on the few localities in the coal Dact in 
which that mineral is found wanting.^^ 

* I have briefly referred to I>r. Boue’s account of the coal fields of {^cotland in my 
Comparative View in the yttnidh of P/ti/osop/tr/^ Oct. 1821, and again in Aug. 1822. 

Sec JEssai fitologique siir TKcossc, p. 98 — 102 ; .ilso p. Ifi.^l, ‘i62, 371, &c. 

See its description, p, 102 — 1 19 of the Kssai Gx^ologique surTEcosse. 

Tt was, I presume, from observing the intimate state of association prevailing among 
the different members of the carboniferous series in Scotland (the extreme fundamental 
part only being free from coal, and the extreme liighest part only being destitute of lime, 
stone), that Prof. Jiuneson was induced to follow the (iemian method by ranging the 
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It IS important both to the lauded proprietor and the miner to 
know, that valuable seams of coal do sometimes occur within 
the domain of the carboniferous limestone ; and in Scotland, it 
is manifest that the limestone and coal are frequently found in 
alternation. Nor is the carboniferous limestoxie of the north- 
east of England wholly free from them, as shown u\ Mr. Winch's 
valuable paper in the fourth volume of the CJeological Transac- 
tions.* 

I have upon former occasions adduced those and other exam- 
ples to show, that though a general order may be every where 
perceived in the arrangement of the carboniferous series, yet 
that this order is subject to variation In detail in dilFerent coun- 
tries, and even in the same tract of country. Now, it being 
established that in some countries the carboniferous limestone 
is productive of valuable seams of coal ; if it happen in another 
country, that the carboniferous limestone is almost or entirely 
wanting, and the old red sandstone and coal formation arc 
thus found in a state of juxta-position, why should it be thought 


whole under one great head, entitled the lirst Hoetz sandstone, or oUt red mudxiom' for- 
mation.”* Applied in tliis manner, the expression is ecjuivalcnt to that of the old or 
first floetz sandstone, or rnthvtodtUc^cndt' foniiation,” of the (rcnnans, and to the first 
fioetz series,” or carbonifcnnis series,” of l^nglish geologists. These collective terms, 
like the grande formation de gri s rouge ” of i>r. Hone, and the red sandstone 
formation ” of Von llawmer, arc hut various modes of expressing tlie same romj>lex 
idea. The one, rightly understootl, is as significant us tlie other. lUit the subdivisions 
adopted by English geologists, when a])plicable, render the subject more distinct. 

* 1 subjoin the following extracts from Dr. Iloue’s Essai fh'^ologiquc sur TEcosse, in 
which his general view of the coal fornuition of Scotland is exhibited. 

P. 168. I-ics as/davs iHji rirtn vs (du gros liouiller) sont earartt risees par une quan- 
tite pen considerable dc houille sou vent soche, par dcs amas variables d’anthraeite, par 
dcs couches trnppecnnes et feldspathiques, par dcs ealeaires conipactes eontenant des 
corps niarins, ct qnelqucfois j>ar des gres n)ugeatres.” 

“ Dans Ics assises sajiCrieures^ Ics touches trappeennes scnildcnt disparoitre, et il n’y 
a plus ijirnite bvllc sh it: des honiUers associes avec dcs caleaires en partie compac- 
tes, cn panic rendue sublamellaires par des debris d’etres marins, eten partie marneux, 
empatant des coquillagcs et des morceaux de vegetaux.” 

On observe cependant encore rk et la, dcs drpdts charhonneux oij Ics caleaires pa- 
raissent maiiquer entieremeiit ou presqu’ cntitTemcnt, ou les impressions de fougiires et. 
de plantes marecugcuses monocotyletloncs sont extr«*memcnt abondantes, et ou ily a des 
lits eontenant dcs cotiuillagcs voisins de eertaines bivalves fluviatiles ; et Ton cst ameno 
a soupt;onner tVnpres res caracteres, et d’apres Ics analogies geognoitiques, qu’il serait 
possible que cesdernirres parties fussent les portions Ics jdas saj?tnca?'cs dc cettc grande 
deposition houillerc.” 

P. iy3, Des assises supf*ricures du depot eharboniieux forment presque scules pour 
le mineur le veritable terrain houiher exploitable ; neanirioins eertaines parties, avons 
nous diV, meritent d’etre distinjipiees a cause de leur manque de couches caleaires, leur 
nbondance dc houille et <rimpressit)ns vegetales ct leurs coquilles fossilcs fluviatiles ; ces 
dernieres especes de depots fort considerables cii Anglcterre sont rares cn Ecossc, et je ne 
puis jplaccr pamii eux, que eertaines parties de Clarkmannanshire et dcs environs de 
Falkirk ct de if-t. Andrews, sans vouloir aucuncment leur assignor une place cxactc.” 

P. 35^2. Dans la seric houillerc, nous avons surtout insiste sur la tjaauiite consider- - 
able dc couches decalvaire h que contenaient X^Lphtjuirl dcs houtlih cs Ecossc(ise.s\ 

et sur le petit nombre dc localites ou les caleaires venaient a manqncr presqii’ entiere- 
ment, et ou Pon apcrcevait quclques coquillagcs fluviatiles.” 


8ec Notes to Cuvier’s Essay on the Theory of the Earth, Third Edition, p. 237. 
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improbable that the old red sandstone itself should contain inci- 
dentally single beds of coal ? Applying this observation, the 
single beds of coal adverted to by Freieslebeii as lying in the 
rothliegcnde, in contradistinction to tlic continuous coal tract, 
will be found to imply nothing more tlian the distinction now 
taken. 

It follows from all that has been advanced, that to lay down 
rigid rules with respect to the details of any particular series, 
fni’ining part of the structure of the earth, so that they should 
be always ap})licable in the same manner in different countries, 
is to expect nature to appear in shackles, which she is not in 
the habit of w’^caring. The prevalence of a general order of 
succession is indisputable ; but no less so is the variable state in 
which correlative members of the same scries are associated 
logether; ])eing found in one country distinct from, and iii 
aiiotluir more or less frequently interstratlfied, with each other. 
Of this trulls, the members of the carboniferous series afford 
many illustrative examples ; while the limestone forms in general 
the gri^at connecting link l)et\veen the fundamental old red sand- 
stone free from coal, on the one hand, and the coal measures 
free from limestone, on the other. 


Wdieu on tlic eve of transmitting the preceding pttges to the 
j>ress, the Anna/s of .Philosophi/ for March, 1823, arrived, contain- 
ing the continuation of Mr, Oonybeare’s interesting memoir. 1 
j3erceive no reason t(3 alter any thing that I have written, profess- 
ing, as 1 do, to have faithfully expounded the positions of 
rreieslehcn ; positions quite in accordance w ith analogous rela- 
tions in Great Britain, It is for those geologists who advocate 
doctrines in opposition to demonstrate their fallacy. Here, 
Jiowevcr, 1 cannot avoid complaining that, while the authority 

Freieslebeu is repeatedly appealed to iu the course of this 
controversy, his distinctions are not only frequently suffered 
to pass without due attention, but his statements are tried by a 
language in a great measure foreign to his own. The work of 
Freieslebeu should be judged not partially, but as a consistent 
whole, taken all together. 

With great respect for my adversary, as well as for ^rof. 
Buckland, I cannot surrender iny opinion of the accuracy of a 
writer (without ample proof to the contrary), who, during a resi- 
dence of seven years in a country, made its geological relations 
an express object of his study ; comparing them also with those 
of analogous tracts in other parts of Germany, both by his own 
researchevS, and those of other naturalists. The opinion attri- 
buted by my opponent to You Humboldt (an illustrious name, 
and carrying weight with it on any subject), will not, I a'^pre- 
liend, on due examination, be found at all discordant wiLi the 

New Series^ vol. v, z * 
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statements of Freiesleben.* * * § Tliat of Dr. T^oiic, expressing that 
^NhsXy^ exclusiveljif called rothetodtliegende l)y Mr. C^mybeare, 
is not the old red sandstone of Jing/isli geologists, will be readily 
acceded to, since the former constitutes in iiiet (witli thti excep- 
tion of the weissliegende) the upper part of the Carboniferous 
series of Freiesleben ; but, let it be remembered, this is only 
one part of the question, and not inconsistent with tlie general 
view of that author, i' The account given by D’Aubuisson 
also, though insufficient in several respects, is not incompatible 
with this view, by whom indeed the rolhctodtliegciide is ex- 
pressly referred to the same formation as the terrain houiUery 
composing the principal part of its mass.J Tlie language ol‘ 
Beudant likewise is of a similar import, who also expressly 
ascribes the rothliegende in (juestion to the same series as the 
carboniferous, designating the latter by the geiaaal term of the 
red sandstone formation y and comparing it with tliat of' Scotland 
as described by Prof. Jameson, Dr, Mac Cullocli, and Dr. Boue.^ 
On this subject, Mr. Conybeare observc's, whether it (namely, 
the rothetodtliegende exchisiceh/ so called l)y him) be more pro- 

f )erly referable to the upper part, of the caibonil'erous, or the 
ower part of the saliferous series, is a distinct <|iiestion, on which 
much division of opinion exists, and whieli is after all not very 
material, I have endeavoured to compromise the matter by 
treating it as an intermediate link between them/' I cannot 
subscribe to this doctrine. There can be no compromise upon 
a question of truth and error ; nor can it surely be deemed imma- 
terial to which series the lothliegende in dispute belongs, if we 
place a just value on a correct knowledge, of the rt spective rela- 
tions oi the two series. My surprise is, tliat any diAision of 

* A reference, however, to the Comparative View taken by that distinj:;nished natu- 
ralist of the Knglish and (Continental doet^ formations, will at once show tliat it is deli- 
cient in several important particulars.— (See D’Aiibuisson, Traito ile Geognosie, vol. ii. 
p. 255.) 

-J- See Dr. Douw in vol. iv. of tlie Wernerian Memoirs. 

See Traite de Geognosic, vol. ii. p. 252. “ I^e ron^(\ que nous appelerons 

grt» houillery le terrain a houillc en faisant partic, repose immediatement sur le terrain 
priiuitif ou intermetliare.” P. 2G‘J. T^a grande formation de huu'iUcr .vc divise 
tres convenablement en deux parties ; rune comprciul le ti rnun IiouiHvr proprement 
dit ; e^,l’autre le gres, appele, dans la Tliuringe, ro/t^sj^r^ avec scs couches suhor- 

donn^es : mais tout en distinguunt ces deux parties, nous remarquerons qu’elles appar- 
tiennen^ a la mime formation ; et quoiejue le terrain houiller suit le plus souvent uu drs- 
soH$y il lui arrive quelquefois d’etre rnlrvrnele et iiicmc supet'innv an gn's rouge.” 

And p. 306. De gres, masse principalc du terrain houiller, prend stna enf nnr grande 
ea'lensioriy en ahandonnanty au moinsen niajeurc partic, la houillc avec Targile shisteiise 
qui Penv^op^ et il constitue des terrains d’niie grande etenduc. II a etC principal emeu t 
observe en Thuringe, ou il est connu sous le nom de rotiictodf ticsrcudr. 'W^erner le 
nomme gres rcmgCy par suite dc sa eouleur habituelle dans ce pays.” 

§ See e, g> the extract from tliat author’s Travels in Hungary, inserted in the 14 th 
number of the Edinburgh Philosophical Journal, in particular, p. 269, and 273 ; and 
more generally, p. 267 — 273, which convey a clear account of the geological relations of 
the Saxon pitchstone, as well as of that of Italy (at Grantola on the Liago IMaggiorc). 
In both cases, the pitchstone is associated with porphyry, red sandstone, and conglome- 
rate, the whole of whicli arc referred to the carbonii'erous series. 
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opinion should exist alter the detailed exposition of Frciesleben, 
which tended to reconcile all diflerences ; and that greater 
weight should not have been attached Uy the Judgment and 
descriptions of that author, the correctness of which upon other 
subjects has not hastily been called in question. But be tliis 
as it niay, I am not aware that any Gerniaii writer ever included 
any portion of the rothetodtliegeiide formation in the gypseous 
and saliferous series ; while many, on the contrary, did compre- 
hend the weissliegendc in the carboniferous series. The former 
position, therefore, assumed by my antagonist, is in opposition 
to all German authority."^' 

The propagation of error is sometimes as rapid as simple. A 

^ If there ])e any one series in geology more distinct than another, as constituting in 
iiself a compute system, wliolly indepemient of preceding and subsequent scries, it is 
the carboniferous. It is true that in its lower line of boundary, where im|)Osed upon, 
transition tracts, we olteii hear gradviations spoken of, as taking from the one 

M'fics into the other. These, however, can be so considered only in a mincralogical 
sense (particularly when tltc transition sandstone, one of the later members of that series, 
and the first floetz or ol<l red sandstone come in contact)^: certainly not in a geolofficat 
sense ; for though, in the first jtlace, the two series may in certain quarters be in a con- 
formable position, yet if the line of apposition be examined throughout its extent, a 
general unconformahility iiv the arrangement of their res]>ective strata will be found to 
prevail, tlie carboniferous series being merely atlapted to the form of the. surface of the 
irausitioii (or }>rimary, as it may happen) ; and, in the second place, the transition series 

commonly distingiiislted by a considerable variety of trilobites and other organic 
rciiiains, while the first fioeiz or old re<l sandstone is free from such remains; and the 
t)i)ly trilolhte that 1 am actpiainusl with (beside the Oniscites Derbiensis of Martin) as 
occurring in the carboniferous limestone is a distinct species, and, I believe, also pecu- 
liar U) that limestone.* 

Tlie upper confines (tf tile carboniferous series are also equally well marked. In 
Kngland, the calcareous or new conglomerate (the first member of the gypseous and salu 
ferous series) is, 1 apprehend, invariably found in an unconfe>miably overlying position; 
in some quarters partially overspreading the surface of the coal fields, and extending 
t lienee in like manner to the carboniferous limestone, and even to the old red sandstone. 
The weissliegendc or new conglomerate in (iermany also, v^ith its companion the cupri- 
i'erou.s marl shale, is represented by Frciesleben as partiidl)/ overspreading the carbonife- 
rou.s series, conforming to tlic figure of its surface, following its sinuosities, and surround- 
ing the detached j>ortions of that series that appear in istdated hills; being also in certain 
«|uarters in contact with transition tracts. Hence arises a variableness in the range and 
dip of the weissliegendc, v.diicli are sometimes conformable, sometimes unconformablc 
to the disposition of tli^ subjacent members of the carboniferous series. That the weisK- 
leigende or new congloimuate is wholly distinct from that series is also proved; I. JBy 
its several affinities to the cupriferous marl shale ; and 52. lly its being affected in com- 
mon with that shale, and with the lower alpine limestone in general, and tlie ssechsletn 
in particular, by various disturbances, which do not extend to tlie carboniferous saries 
beneath. — (!Scc e, g. Frciesleben, vol. iii. p. 51, et scq. and p. !i239, et seq. ; also vol. iv. 
p. -^1—31.) 

1 may here remark, that in one respect there is a marked diflerence between the com- 
position of the calcareous or new cxinglomerate of Kngland, and that of the weissliegende 
of* (Jermany. In the former, rounded and angular fragments of limestone are very com- 
mon, and frequently predominant ; while in the latter they are of rare occurrence. Both 
conglomerates thus bear a close relation to the carboniferous series on which they respect- 
ively repose, and from whose detritus they were principally derived ; the limestone 
f requently prevailing in the British carboniferous scries, and being, comparatively speak- 
ing, only incidental in the German. 

♦ It is the tuberculated species depicted in pG 4, fig. 152, of Brongniart’s valuable 
ilistoire jNaturelle des Trilobites, derived from the Dublin limestone. I found four 
specimens of the same trilobitc in the Alendip limestone. IMr. Miller has observed it 
likewise in the limestone of Cork and Bristol. It has been met with also incidentally in 
tkc cathomleiout) limestone of otlicr parts of Great Britain. 

* V 
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judgment is pronounced by a name of celebrity ; it is adopted 
and repealed by other names, perhaps of equal repute ; and thus 
that which was originally a mistake, becomes a rule established 
by authority. But oli recurring to first principles, the error is 
discovered, and truth at length prevails. 

To conclude in the words of Lord Bacon, the harmony of a 
science, supporting each part the other, is, and ought to be, the 
true and brief confutation and suppression of all the smaller sorts 
of objections."’ 


Article II. 

On the Crystalline Form oJ' h e. By James Smithson, Esq. FRS. 

(To the Editor t)f the Annals of Phi/osojj/ij/.) 

SIR, Mnrr/i J, 1823. 

I HAvn just seen a memoir in the Annales do ('himie et de 
Physique for Oct. 18‘22, but published about a rnontli ago, on the* 
crystalline form of ice. 

Mr. Hericart de Thury.is said to have observed ice in hexago- 
nal and triang'idar prisms; and Dr. Clarke, of Cambridge, in 
rhomboides of 120^ and (U)^. 

M. HaUy supposed the form to be octahedral, and so did 
Rome de Tlsle ; and, if I mistake not mucli, there is in an 
ancient volume of the Journal de PJiysiquo by Uo/ler, an 
account of ice in acute octahc‘dmls. 

Are these accounts and ojjinions accurab^ f 

Hail is always crystals of ice more or h^ss li gular. When they 
are suliiciently so to allow their form to be ascertained, vind 
which is generally the case, it is constantly, as far as I have* 
observed, that of two hexagonal pyramids joined base to base, 
similar to that of tlie crystals of oxide of silicium ov quartz, and 
of sulphab* of potassium. One of the pyramids is Ir unrated, 
which leads to the idea that ice becomes electrified on a varia- 
tiefu of its temperature, like tourmaline, silicate of zinc, ike. 

*1 do not think that i have measured the inclination of the faces 
more than once. The two pyiamids appeared to form by their 
junction an angle of about 80 degrees. 

Sno\y presents in I'act the same form as liail, but imperfect. 
Its flakes are skeletons of the crystals, having the greatest ana- 
logy to certain crystals of alum, white suljdiuret of iroii, See. 
whose faces tire wanting, and which consist of edges only. 

Ill spring and autumn ; that is, between the season of snow 
and that of hail, the luiil which falls partakes of the nature of 
both, is partly the one and the other ; its crystals, thougJi regu- 
lar, are opaque, of little solidity, and consist, like snow, of an 
imperfect union of grains, or smaller crystals. 
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Article III, 

Account q/' some Specimens of Hocks, Sc. from Van Dieman’s 
hand, and J'rom New South Wales, N. .1. Winch, Esq. 

lion, MGS. 

(To the Editor of the Annals of Hhilosophp.') 

SIR, N^f-ii-cnsile-HiKm-Tyuv^ Search 27, 1823, 

The J^iterary and Pliilosopliical Society of this place has 
lately been presented with a considerable number of minerals by 
the llev. T* II. Scott, of Whitfield, collected by himself in Van 
Diemaii’s Land and New South Wales, during* his travels in 
those distant regions. And notwithstanding duplicate speci- 
mens, and probably many which weae not duplicates, had been 
given to the I^niversities of Cambridge and Oxford, and the 
Geological Society of London, still we possess a suflicieni num- 
ber to throw considerable light on the structure of Australia. 
By many theorists it has been conjectured that tliese lands are 
of more recent formation than those of the other parts of the 
globe, but with Jiow lilthi justice; such an opinion has been 
adopted, the. following liriei’ description of some of the best 
defined s[)eeies of our collection will evince. 

Front T V/// Land. 

1. A liard slaty sandstone of a pale-brown colour with 
impressions of lluslra*, resembling those of llumbledon Hill, 
near Sunderland. P('ctenites, and some other s})ecies of bivalve 
shell, in size and shape like a liazel nut. From a hill near 
liobartVs Town, 800 feet above the level of the sea. 

2. A very line grained white sandstone. Near HobarPs 
Town. If in sullicicnt cpiantit y, this must be a valuable material 
for the purposes of building. 

8. Coal, of the same species as the Newcastle coal. From 
Adventure Hay, eight miles distant from Hobart's Town, 

1. Black bitipninous shale, with spangles of silvery mica, and 
slight impressions of the leaves of some phaiiiogaraous plant. 
Above and below the coal at Hobart's Towai. 

5. Limestone, of a brownish-grey colour, compact texture, and 
splintery fracture, with veins of white quartz. Eight lAiles 
north-west of Hobart’s Town. Not unlike some of the beds in 
our encrinal limestone formation. 

6. A bluish grey trap rock, resembling the blue millstone 
rock of Andernach on the Rhine. Its structure is cellular, the 
cells containing minute globultrs of black obsidian, occasionally 
coated by a thin pellicle of iron ochre, owing* to decomposition. 
The roclcy part is easily reduced to a black slag, by the action 
of the blowpipe, and with the addition of borax, melts into a 
pale green glass filled with air bubbles. The obsidian is reduced 
with difficulty into a brilliant black glass. Masses of this rock 
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are found on stony plains, and it is used as mill stones in the 
colony. 

From New Soztth Wales. 

1 . Coal, resembling that of the north of England. 

2. Coal shale, of an ash-grey colour, with impressions of the 
leaves of some phyenogamous plant, probably an eucalyptus. 
These leaves are lanceolate, from four to six inches in length, 
by one or one and a half inch in breadth, and have left black 
impressions on the stone. 

3. Wood, mineralized by silex ; the interior of a dark-brown 
colour, and compact textur(‘, the exterior, formed on the sap 
wood, pale-brown, and containing longitudinal pores. 

4. Old red sandstone, of a dark reddisli-brown colour, and 
made up of small grains of sand, and silvery mica, and envelop- 
ing rounded pebbles of white quartz. Pitt/s Amphitheatre. 

5. Greywacke, consisting of greenish-grey clay slate, inclosing 
small fragments of chesnut-brown flinty slate, and specks of cal- 
careous spar. From the hills b<jyond Bathurst. 

6. Chlorite slate, of a greenish-grey colour and silky lustre. 
From the same hills. 

7. Gneiss, composed of whib^ felspar, black mica, and glassy 
quartz. From Cox’s river. 

8. Granite, consisting of fine grained white folspur, glassy 
quartz, and silvery mica. iNear Cox's river. 

9. Large grained granite, chiefly composed (d‘ llesh-red felspar, 
with glassy quartz and silvery mica. From l.avvson’s Peak, 
beyond the Blue Mountains. 

10. Epidote, of a pale-green colour, and granular texture. 

11. Felspar porphyry, of a 5 adIovvish and greenish-white, with 
crystals of the same colour, mixed with opalescent cpiartz. 
Fragment of a rounded mass. 

12. Rock crystal, kix-sided prismatic crystals, of a smoke- 
grey colour, terminated by six-sided pyramids. 

13. Clay ironstone, of a reddish-brown colour, in nodules. 

14. Bog iron ore, of the same colour. 

15. Bole, of a bright-red colour. 

16. Iron pyrites. 

Fisom the examination of these minerals (provided the series 
be cpmplete), the conclusions to be drawn are, that, with the 
exception of the diluvium, no formation more recent than our 
magnesian limestone, has been found in Van Diemaii’s land, or 
our coal formation in New South Wales. That the mountain 
limestone, old red sandstone, greywacke, porphyry, clayslate, 
chlorite slate, gneiss, and granite, follow each other in the same 
order of succession, as is the case in other parts of the world ; 
that no pumice or recent lava have been detected ; and that the 
most remarkable phenomenon is the existence of impressions of 
leaves of phaenogamous plants in the shales. 


N. J. Winch. 
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Artici.e IV. 

On Rvauitmrs Experiments on the Congelation of the Metals. 

I5y Mr, J. B. Longnyre. 

( lA) tlu*. liditor of the Atmah of Phitosophif.) 

Aprils^ 1823 . 

Tin: c*xj)i)riincufs of Reaumur oii cast-iron, bismuth, and anti- 
mony, lead to tlie conclusions, that these metals expand during 
congt^alatioii, and ar(i lighter wlion sc^lid than when fluid. But 
as such conclusions are at variance with the general law, that 
heat expands all bodic's whose natural state is solidity, it becomes 
im[)ortant to sll 0 ^v, that Htjaumur’s experiments do not militate 
against ihis law. 

Reaumur ibund that the metals just mentioned, when fluid, 
sup])orfed hodu s spcicitically heavier lhan themselves in the solid 
>tate ; so that they should have contracted iu melting, and 
wouhl (expand again in cooling'. 

A floating body is lighter than the fluid that supports it, pro^ 
riftcft snrh fnid he quiescent. None, however, of the melted 
nu'lals, ir(‘\[)osed to the air, have the reejnisite degree of still- 
iH'ss, to form the Ihhd medium tor obtaining accurate specific 
vvc'ights ; but least of all, hav<‘ cast-iron, bismuth, and antimony ; 
metals that cool (paickly, and that are in violent agitation, when 
passing down to the point of congealaiion. luuid iron, for 
instance, has on its surface, bright glowing waves, rapidly 
repeated iu variable sittiatious ; the hottCvSt particles from below 
rise to tlu^ surface iu tlu^se waves shed laterally to cool, and 
while tliey sink, others ascend, and give out part of their heat : 
this motion is r(^])eated till tlu^ iron begins to consolidate. The 
Ollier metals ))efoie-mentioned are nearly as much disturbed in 
cooling as fluid iron ; hence in this state they are all too much 
agitated to del ermine* with accuracy the difference of density 
between their solid and fluid states. So it follows that Reau- 
mur's experinu'nt.s (h'pendiiig on the aptitude of those melted 
metals tor this pur})ose, are inconclusive, and cannot be consi- 
flered as proving any thing against tlie general law, that all 
bodies, whose natural slate is solidity, are heaviest in thij^> state, 
and expand on receiving heat. . 

'fhe force of the ascending particles in the melted metals 
ludbre-mentioned, will account for the extra specific weight of 
the bodies that they support. Rut the amount of the asceutional 
force is not deteriniuahle ; and whether these metals contract or 
expand in cooling is not yet shown by experiment. Such an 
experiment indeed is not easily performed ; but to reconcile 
demonstratively the c.ongealatiou of these metals with the law 
regulating that of all the others, is a desirable and important 
undertaking. 
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Article V. 

Asfronoptical Observations, 

By Col. Beaufoy, J’RS. ' 

llushei/ Heath, near Sfanniorc. 

Latitude 51° 31' M*3‘* North. I>ongitiulc "West in time I' 


Mar. 30. Emersion of ^.Scorpio from tl,c S igh 51' 1 fvl" Menu Time at Kushev. 

moon. C 

April 12. Emersion of Jupiter’s first J 8 5:1 55 JMcan Time at r»ushey. 

satellite H 55 Ih Mean Time at CrTeenwivI 


Articlk VI. 

On the Ultimate Anali/sis of \egeinhle and Animal Hub^laace^. 
By Andrew Ure, MD. FllS.^* 

The following is an account of Dr. lire’s process and 
apparatus for the ultimate* analysis of vegetable and animal 
compounds, as described in this paper. The French chemists 
who have operated most with peroxide of.co])j)cr in tlu^ analysis 
of organic substances, being aware of its quick absolution of* 
humidity from the atmosphere, direct it to hn used immediately 
after ignition, and to be triturated wath the organic matter in a 
hot mortar of agate or of glass. Yet this precaution/’ Dr. Urt' 
observes, will not entirely prevent the fallacy arising from tlie 
hvgrometric action ; foe I find that peroxide thus treated does 
absorb, during the long trituration essential to the process, a 
certain quantity of moisture, which, if not taken into account, 
will produce serious errors in the. analytical results. It is better, 
therefore, to leave the powdered peroxide intended for research, 
exposed for such time to the air, as to bring it to hygromctric 
repose, then to put it up in a phial, and by igniting 100 grains 
of it In a proper glass tube, sealed at one end, and loosely 
closed with a glass plug at the other, to determine the propor- 
tion of moisture which it contains. This, then, indicates the 
constant quanti^ to be deducted from the loss of weight wliich 
the peroxide suffers in the course of the cxjieriment, '^Tlie mortar 
should be perfectly dry, but not warm.” 

** Experimenters have been at great pains to bring the various 
organic objects of research to a state of tliorough desiccation 
before mixing them with the peroxide of copper ; but this prac- 

* Abstracted from the Philosophical Transactions for 1822. Part II, 
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tice introduces a similar fallacy to that above described 
The plan 'vhicli 1 adopt for the purpose of desiccation seems to 
answer very well. Having put th(‘ pulverulent animal or vege- 
table matter into short phials, furnished \\ifli ground glass stop- 
pers, 1 place the open phials in a large quantity of sand heated 
to 212'^ F. in vi^porcelam capstile, ancl set this over a surface 
of sulj)huric acid in an exhausUal receiver. After an hour or 
more, the receiver is removed, and the phials instantly stopped, 
'fhe loss of weight shows the total moisture which each of them 
Iras parted with ; while the subsequcin! incrcast* of their weight, 
alter leavin<g them unst(jj>p(;(l for some time in the open air, indi- 
cates the amount of tile hygronu^tric*, absortUion. 4'his is conse- 
(juenl.ly th(^ nuaiitity to lie deducted in calculating experimental 
1 esults,” 

Many cliemists, particularly in this country, have emjiloycd 
the lieat of a spirit-lamp, instead of that produced by the com- 
bustion of charcoal, for igniting the tulx^ in which the mixed 
materials art^ ])laccd. 1 have compared very carefully both 
metho<ls of heating, and fin<l that for many Ixxlies, such as coal, 
and resin, whie.h abound in carbon, the llame of the lamp is 
iusufHcient; wJiilc its application being confined at once to a 
small portion of the tube, that, uniform ignition of tiie whole, 
desirabli', ttnvards tim close of the (.xperiment, iramiot be 
o])taine.d/' I was hence led to contrive a ]M?cnliar form of fur- 
nace, in which, with a handful of chavc(ra1, re.duced to bits about 
tiu'size of small lilberts, an (experiment may be (‘Oinpletcd with- 
out anxictv or troubhg in the s[)ace of half an hour. Since I 
have operated with this instrument, the results on the sanuj body 
have been much more consistent tlian lhos(‘ previously olitained 
with the lamp ; and it is so conveni(mt thr, ; I have sometimes 
iinislied eight experiments in a day." 

Dr. Ure next gives a |>ait.icnlar account of the wliole appara- 
tus he employs, illustrated with an engraving. I'ig. 1 is an 



horizontal section of the furnace, in which we perceive a semi- 
cylinder of thin siicet iron, about eight inches long, and three 


* vSomf! reniarl^s, by Dr. l^ront , on the relative accuracy of analyses performed by 
means of the charcoal an<1 of the lamp axiparalus, will be found in the Annals for Dec. 
last, p. — Edit. 
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and a luilf wide, })erforated with holes, 
of a hollow prism of tin-plate, repress 
fig. 2, where n shows a slit, through 
which the sealed end of the glass tube 
may be made to project, on occasion. 
Fig. I, i is a handle 'attached to the se- 
micylinder, by which it may be slid back- 
wards or forwards, and removed at the 
end of the process, d is a sheath of 
platinum foil, which serves, by aid of a 
wire laid across, to support the middle 
of the tube, when it is softened by 
ignition. At g the plates wliitdi close 
the ends of tlie semi-cylinder and lin- 


and resting on the edge 
mted more distinctly in 




plate jirism, rise up a Few inches to scu'cen the pneumatic appa- 
ratus from the heat.” 


A third occasional screen of tin-plate is hung on for the same 
purpose. “ All these are fui nishea with slits For the ])assage oF 
the glass tube. This is made oF crown gluss, and is generally 
about nine or ten inches long, and ihree-tenihs of internal dia- 
meter. It is connected with the mercurial cistern by a narrow 
tube and caoutchouc collar. This tube lias a syj)hon form, and 
rises about an inch within the graduated vi'cciver. By this 
arrangement, should the collar Ix^ not absolutely air-tight, the 
pressure of the <;olumn of mercury causes tlio atmosplieric air to 
enter at the crevice, and bubbles of it will be seen rising up 
without the application of heat. At the end of the operation, 
the point of the tube is always left above the surfice of the mer- 
cury, the quantity of organic matter employed being such as to 
produce from six to seven cubic inches of gaseous prodiu^t, the 
volume of the graduated receiver being seven (-ubic inches.” 

As the tubes with which 1 operate have all the same capa- 
city, viz. half a cubie inch ; and as the bulk of materials is tlui 
same in all the experiments, one experiment on the analysis of 
sugar or resin, gives the velume of atmospheric air due to tlie 
apparatus, v/hich volume is a constant quantity in ilie saiiu; 
circumstances of ignition. And since the whoje ajiparatus is 
always allowed to cool to the atmospheric temperature, the 
volume of residual gas in the tubes comes to be exactly known, 
being equal, very nearly, to the primitive volume of atmospheric 
air left after the absorption of the carbonic acid in the sugar or 
resin experiment.* Thus this <|uantity, hitherto ill appreciated 
or neglected in many experiments, though it is of very great 
consequence, may be accurately found. At /r, lig. 1, a little tin- 
plate screen is shown, it is perforated for the j)assage of the 


« If a be the capacity of the graduated receiver, and h tlie spare capacity of the tubes, 
then the above volume is — 
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tube, and may be slid along, and left at any part of the semi- 
cylindric cage, so as to preserve from the influence of the heat 
any requisite portion of the sealed end of the tube/’ 

For the analysis of volatile liquids, T)r. Ure employs a little 
bulb, which, after it has been filled and exactly weighed, is 
immediately »lid down to the bottom of the tube, and covered 
with 150 or 200 grains of peroxide of copper. The bulb has a 
apacity equal to three grain measures of water, and its capillary 
point is sometimes closed with an inappreciably small quantity 
ol‘ bees’ wax, to prevent the exhalation of the liquid, till the per- 
oxide be ignited.” 

Tlie furnace is provided with a cover, with an oblong orifice 
at its top, which serves for a chimney, and may be applied or 
removed by means of its handle, according as wc wish to increase 
or diminish the heat, c c c c are tin cases inclosing corks, 
tlu'ough which the iron wires are passed, that support the whole 
iurnace at any convenient height and angle of inclination.” 

TJie tightness of the apparatus at the end of the proceSwS is 
proved by the rising of the mercury in the graduated receiver, 
l)y about one-tenth of an inch, as the tube becomes refri- 
gerated.” 

My mode of operating with the peroxide of copper,” conti- 
nues Dr. lire, is tlie following : 

I triturate very carefully in a dry glass mortar from one to 
two and a half grains of the matter to be analyzed, with from 
100 to 140 grains of the oxide. 1 then transfer it by means of a 
platinum-foil tray and small glass funnel, into the glass tube, 
clearing out the mortar with a metallic brush. Over that mix- 
ture, 1 put 20 or 30 grains of the peroxide itself, and next, 50 or 
(iO grains of clean copper filings. The remaining part of the 
tube is loosely closed with 10 or 12 grains of amianthus, by 
whose ca])illary attraction the moisture evolved in the experi- 
ment is rapidly withdrawn from the hot pilrt of the tube, and the 
risk of its fracture thus completely obviated. The amianthus 
serves moreover as a plug, to prevent the projection of any 
minute particles of filings, or of oxide, when the filings are not 
present. Tlie*tube is now weighed in a very delicate balance, 
and its weight is written down. A little cork, channelled at its 
side, is next put into the tube, to prevent the chance of mei*cury 
being forced backwards into it, by any accidental cooling or 
condensation. The collar of caoutchouc is finally tied on* and 
the tube is placed, as is shown in fig. I, but without the plate A, 
which is employed merely in the case of analysing volatile 
liquids. A few fragments of ignited charcoal are nbvv placed 
under the tube at the end of the furnace next to the cistern, and 
the remaining space in the semi-cylinder is filled up with bits of 
cold charcoal. The top may then be ]>ut in its place, when 
the operation will proceed spontaneously, the progressive advance 
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of the ignition from one end to the otiicr being proportioned to 
the expansion of glass, so that the tube very seldom cracks in 
the ]>rocess. Indeed I liave often used the same tube for a 
dozen experiments, in the course of which it became converted 
into vilrile, Or Reaunfur’s porcelain.’' 

Since the evolved gas is satux*ated with moisture. Dr. Ure 
reduces it to the volume of dry gas, by help of a table, which he 
gives, computed by the well-kiiowm formula from his table of the 
elastic force of steam, jniblished in the Phil. Trans, for 1818. 

In certain cases, where the quantity of hydrogen is small, or 
where, as in the example of indigo, its presetuie has been denied. 
Dr. Ure employs pulverulent calomel instead of peroxide of cop- 
per. “ The organic compound being intimately mixed w itli that 
powder, and gently heated, tlie muriatic acid gas obtained de- 
monstrates the presence, though half of its volume will not give 
the total quantity of hydrogen ; for aprojxortiou oi tliis elcmontaiy 
body continues associated witli oxygen in tlie statt; of w ater.’’ 

Dr. Ure next gives, in detail, one example of the mode of 
computing the relation of the const ituents from tlio experimental 
Jesuits, and then states tlie other analyses in a talmlar form. 

a ].4 ovaiii of sill j)liuric other, specific gravity ()'7(), being slowly 
passed in vapour from the glass bulb tlirough 200 grains of 
ignited peroxide of copper, yielded (>*8 cubic inches of carbonir'. 
acid gas at ()(r Fahr. wdiicli arc equivalent to 6-r>7128 of dry gas 
at (50^. Tills number being multiplied by 0*127 = the carbon 
in one cubic inch of the gas, the product ()'83452ob‘, is the 
cai'bon in l*t grain of ether; and U*834525() x } = 2*22d4 
= the oxygen equivalent to the carbonic acid. The tubci 
was found to have lost 4*78 grains in w eight, 0*1 of which 
was due to the hygromctric, moisture in the oxide, and 1*4 to the 
ether. The I’emainder, 3*28, is the cpiantity of oxygcsi abstracted 
from the oxide by the*combustible elements of the ether. Rut 
of these 3*28 grains, 2*2254 w^ent to the formation of the carbonic, 
acid, leaving 1*0540 of oxygen, equivalent to 0*1318 of hydro- 
gen. Hence, 1*4 ether, by this experiment , which is taken as 
the most satisfactory of a great number, seem to^consist of 


Carbon 

• Hydrogen 

* Water 


0-8:.M5 

0-1318 

0-4337 

And in grain we shall have 


1-4000 

Carbon 0-590() 

Hydrogen. .. 0‘13o() .... 
Oxygen ()-2~]0 .... 

3 atoms 2-2.”) 

4 atoms 0'50 
1 atom I'OO 

00-00 

13-33 

26-66 

i-oooo" 

3-75 

100-00 
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Or, 3 volumes olefiant gas = 3 x 0*9722 = 2*9106 
volumes of water. 2 x 0*025 = 1*25 

4 * 1660 

wliicli suffering a condensation equal to the whole vapour of 
water, will give an etliereous vapour, whose specific gravity 
is 2*5. 

‘^"fho projiortion of the constituents of sulphuric ether, deduced 
})V M. Oay laissac from the experiments of Al. Th.tle Saussure, 
are 2 volumes ole fiant gas -f- 1 volume vapour of water, which 
3 vmlumes are condensed into 1 of vapour of ether, having a spe- 
cilic gravity == 2*58, 34ie ether which 1 used had been first 
distilled oft’ dry carbonate of potash, and then digested on dry 
niuriale of lime, from wliich it was simply decanted, according 
t») th(^ injimctit^)!! of* 1\T. de Saussure. Whotlna* my ether con- 
tained more aqueous matter than that eu)[)loyed by the Cienevese 
pliilosojilier, or whether the difference of result is to be ascribed 
It) tlu'. difhaence in the mode of analysis, must be decided by 
1 i 1 1 u r ( ^ r e s L a r c‘ h c s . ’ ^ 

By analogous modes of reduction, the Ibllowing results w*ere. 
deduced from my e\p(M iinents. f ouglit here to state, that in 
many cases the materi ds, after being ignited in the tube, and 
then i'ooled, \ver<‘ agaiii triturafed in the morfar, and subjected 
a s(‘cnnd ignition, ffhns, none of the carbon could escape 
conversion into i.ari)oule acid. I was seldom conlout with one 
ffNperimeiit on a body ; irequenlly six or eight were made.’^ 

'J'aju.i: of Ojk-an'ic Anxiysks. 


Substiincc. Car]Hiii.jlly(lroovn.p>xyj.^en, *ViCote. j WaIlt. ‘ Excess. 


J Sunar 4:{*.^iS 1 6-29 ! ryO '^li ! I 

, . ; 1 Oxyiiif*!! 

Sui.'';ir DtOlhibiLcs I 80*5^ | 5 .'>4*91 51 0.*! i 

:;Stareln G-i:i ? 55-1 G I 0 03 

4 <jr lint Arabic 5*5 ’1.4 i G*0.S 3f .VI* 72 | 7*1.'> 

Hydrogen 

VUcsin T:J'G() 12-90 1.2-50 15*20 |l-20 

li'coi.al 79-S7 !)()0 11-11) 1-^05 7-0(; 

7 Shell lac fil-67 S-',2 27-11 .‘JO-ail 4-8-2 

satcMn of guaiac. I^-SS 7-0.'. ‘2.7 07 VS-IJO I .3-9.1 

ilAmher. .. . 70-tiS 1 1 -«a 17 -77 'iO-OO 9-40 

10 Yellow wax.... 80(i'J 11-37 7 91 S-93 , *10-30 

11 Caoutchouc 00-00 0-11 0-8S , O 00 j 0 00 

1-2 .Si, lent coal 7<> 00 4-.30 21-80 ! 27-90 I 1-20 

J3Cannelcoal » ‘>2 .-l-O.-) 210.', 2 OH ; 0 , 7-68 1-.30 

14 Iiulioo n-25 10 00 I (NX) ‘2-,V2 

ISCanmhoV 7738 1114 11-18 12-91 0 71 

10 Naphthaline 01*06 I ,-07 0-70r 0*79? 

17.S.>wmacctioil 78-91 10*07 10-12 11-34 9-71 

18 Common oil of turjH'i, tine 82-.', 1 0-62 7 -87 8-85 8-64 

1 0 Puritied oil of turpentine. 84 00 11-0,5 3 06 4-00 11-01 

20 Naphtha 8:7-t)4 12-31 5-23 11-7.3 

«1 Asiatic castor oil 74-00 »)-29 1.5*71 17-67 8-33 

vy Alcohol, spec. gray. 0-.8 12. 47-8T. 12-21 30-01 44*09 7*2.5 

«'i Kthcr spec gray. 0-70... .50-60 13-03 27 01 .30 05 0-00 
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Table of Obgakic Analyses. 


Substance. 

Carbon. 1 Hydrogen. jOxygen. 

Azote. ! W atcr. 

Kxcesh. 

Oxygen 

24| Bleached silk | 

50-69 

3*94 

34*04 

11-33 

35-43 

8-55 

85 Cotton 

48-11 

5*06 

58-83 


45 56 

12*33 

86 Flax, by tree’s process. . . . I 

42*81 

505 

51*07 


49-05 

7*07 

87 Common flax. 

40-74 

6-57 

58*79 

0-09 

50*16 

8*02 

28 Wool. 

53-07 

8*80 

31-08 

18-03 

25-07 

8*03 

Hydrogen 

14-01 

89 Cochineal . . . 

50-75 

5*81 

36*53 

6-91 1 

39-06 

SOvCantharides . 

48*64 

5*99 

36*89 

9-08 1 

40*83 

14-53 

31 Urea 

IH‘57 

5*93 

43*68 

31 -88 

49-14 

0-47 

d2|Benzoic acid . 

66*74 

4*94 

28*38 


31*86 

1-04 

Oxygen 

.33 Citric acid . . . 

33*00 

4*63 

68-37 


41*67 

25-33 

34 Tartaric acid . 

31-48 

8-76 

65-88 


84-84 

43.74 

35 Oxalic acid . 

S6 Ferroprussic acid I 

19*13 

1 36*88 i 

4 76 
87-89 of' 

76-80 

iron. 

33-29 

48-87 

38*09 

“ liemark 

S' on the preceding Anal tj sea. 



“ The sugar which I employed,” 

says Dr. Ure, had been 


purified by Mr. Howard's steam process, and was so wc^ll stove- 
dried, that it lost no appreciable portion of’ its w('ight, when 
enclosed along with sulphuric acid in vartio, 'I’he diabetic sugar 
has a manifest excess of oxygen, which, 1 heliev(i, to be the case 
with all weak sugars, as they are called by tlie sugar refiners. I 
consider this excess of oxygen as the chief cause which coun- 
teracts crystallization, and, therefore, the great obstacle to tlui 
inaiiufacturer. The .smallest proportion of carbon, which I have 
ever found in any cane sugar, w^as upwards of 41 per cent. The 
experiments on starch and gum wtjre among the earliest which I. 
made, and the, results differ so much from those given by other 
cixpcriinentcrs, that 1 shall rej>eat the analyses at the earliest 
opportunity. The constituents of the abovt*, three bodies, refer- 
red to the prime C({uivalent scale, will he approximately as 
follows : * ^ 

Sugar. Starch. (iuni. 

Carbon o atoms .... 5 atoms .... 4 atoms 

O'xygeii ... 4 ij 

Hydrogen . 4 4 

Starch is liable to a similar deterioration with sugar ; that 

is, some species of it make a much firmer coagulum with hot 
water than others ; a difference probably due to the proportion 
of oxygen. The starch here employed was 4:hat of commerce, 
and was not chemically desiccated : hence, the redundancy of 
water beyond the equivalent proportion. A little hygrometric 
moisture was present also in the gum, as it was not artificially 

• The following are the equivalent numbers employed by Pr. Ure in this paper 
1*0; byOrogeDjO’l^d} carbon, 0-75} 1'75. 
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(IriocL A note of interrogation is placed after azote. That 
(loubi will I trust be solved, when 1 complete my analyses of 
i^rains, roots, and leaves, with th(‘ view ot‘ tracing the origin of 

iiznti* ill tlie liodies of grauiiuivorous animals VV^itli regard 

to resin, 1 believe the quantity of its carbon to be somewhat 
underrated in tlie tabJe. Though three experiments were made 
on it, r now perceive that 1 had omitted to retriturate and 
reignitc ; and tfie carbon of resin is very ditficult of oxygenation. 
Its true composition is probably, carbon, 8 atoms ; hydrogen, 8; 
oxygen, 1, A still more symmetric arrangement would be 
dtuived from carlicju, 8 atoms ; hydrogen, 9 ; oxygen, 1. This 
j)roportiou corresponds to 8 atoms of olefiant gas and 1 atom of 
water ; and f think it is very possibly tlui true constitution of 
0 ‘sin. IJafl tlie loss of weight sufiered by the contents of thii 
tube, during llieir ignition, been a few Imndredth jiarts of a 
grain more, tlie expeiimental result would have coincided with 
lliis tlieorotical view. Copal ajiproaches to carbon, 10 atoms; 
(lydrogen, 7 ; oxygen, 1. Lac may be nearly represented by 
e.arbon, () atoms ; hydrogtui, d ; oxygen, 2 ; or 2 atoms of ole- 

liant gas 4- 1 atom carbonic oxide Resin of guaiac gives 

carbon, 7 atoms ; hydrogen, 4 ; ()xyge;n,2.” 

Altboiigb tlu* c^xperiiuent.s on amber were condiuded car(^- 
inlly with retritmatioa and reiguition, no good atomic configura- 
tion of it has occurred to me. Jt approaches to 10 carbon + 
10 hydrogen -f- 2 oxygen.’^ 

“ Wax is apparently composed of carbon, 13 atoms ; bydro- 
•'<• 11 , 11; oxygen, I ; or, in other words, of]] atoms <;letiant gas 
-h 1 atom carbonic oxide + I atom carbon. Had the ecxjieri- 
nient given a very little more hydrogen, we should have liad 
wax as consisting of 12 atom.-* olefiant gas + I atom carbonic 
oxide. This is possibly the true constitution.’^ 

Caoulclioiic. seems to consist of carbon, !> atoms ; hydrogen, 2 ; 
or it is a ses(pn-carburetted hydrogen. Thc‘ oxygtai deduced 
I’roin experiimmt is in such small quanfity, as to leave a doubt 
wlietlier it be essential to Ibis body, or imbibed in minute 
<[uantity from tlu^ air during its consolidation.” 

Splent or slate coal, specific gravity l-2f)(i, abstracting its 
incombustible ashes, approaches in constitution, to carbon, 
7 atoms; hydrogen, 3; oxygen, 2. Cannel coal from Woodhall, 
near Glasgow, specific gravity 1'228, resembles a compound of 
carbon, 9 atoms; hydrogen, 3; oxygen, 2. In both of these 
iiodies, there is an excess of carbon beyond the 3 atoms of ole- 
liant gas and 2 of carbonic oxide. 34ie former coal has^ 2 extra 
atoms of carbon, and the latter, 4 atoms. Hence this coal is 
found at the Glasgow gas works to yield a very rich burning 
gas.” 

The elements of indigo may be grouped astollows: carbon, 
H> atoms; hydrogen, (j ; oxygen,- 2 ; azote, 1; or, in other 
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terms, we Jshall have 1 atom cy;iiiogen, 0 atoms olefiant g;as, 
2 atoms carbonic oxide, and (> atoms of carbon in excess.” 

I liad intended to pursue, at considerable detail, my researches 
on this curious azotized product of vei^etation, but tlie subject 
having been lately taken up, and ingeniously prosecuted by my 
pupil and friend, Mr. AValter Crum, I was induced to leave it in 
his hands. He announced to me the presence of hydrogen in 
indigo, before 1 hwd analyzed this substance myself; and drew 
my attention particularly to the fallacy occasioned by the hygro- 
metric water of the peroxide of copper. It is likely that some 
slight modilication may require to be made in iny tabular propor- 
tion of the constituents, /or I did not resume the subject of 
indigo, after 1 had become most 1‘amiliar with the manipu- 
lations.” 

Camphor is very nearly represented by carbon, 10 atoms ; 
hydrogen, 0 ; oxygen, 1 ; or 0 atoms olefiant gas -f 1 atom car- 
bonic oxide. Napllialine is, in my opinion, a solid bicarburet of 
hydrogen, consisting of carbon, 2 atoms; hydrogen, 1.” 

It is very difficult, v\en by the best regulated ignition, to 
resolve the whole caihon of this very volatile body into carbonic 
acid ; hence, the carbon may come to Ix^ underrated in the 
result.'’ Jsbiphthaline is oljtained during the rectliication of the 
petroleum of the coal gas works. It is found encrusting the pipes 
in the form of a greyish crystalline mass ; and wlien purified by 
a second subluiiation at the temperature of about it forms 

beautiful thin })Ial: s, wliito and glisleniiig.. It has a powerful 
petroleum odour. W ith brine of the spc.'cific gravity 1*(M8, these 
plates, when once thoroughly wetted (which is diflicull to eirect)^ 
remain in e(piilibririm ; that is, tloat in any part of the licjuiil. 
11iat number, therefore, represents the speiatic gravity of naph- 
thaline. It is insoluble in water, but very sohi])le iii ether, ami 
moderately so in alcojiol. With ioiline, it fus(^s at a gentle heat 
into a brown licpiid, forming as it cools a solid resemliling plum- 
bago, wlilch dissohes readily in alcohol, and is thrown don n by 
waiter. Kaplitlialine is soluble in oils. In water heated to ]6\S^ 
h\ihr. it j’nses, and remains like oil at the bottom of the licpiid ; 
bat when stirred, it rises, and spreads on the lop in little oily 
patches. At 18U° it rises spontaiieously from the bottom in oily 
globules, which, as tlic temperature is raised, dissipate in the air, 
undergoing motions similar to those oi* camphor iloating on 
w^ater. 

Spermaceti oil is constituted apparently of carbon, 10 atoms; 
hydrogeti, 9 ; oxygen, 1 ; or, in other words, ofO atoms olefiant 
gas + 1 atom carbonic oxide. The experimental proportion is, 
however, more luarly carbon, 10 atoms; hydrogen, 8; oxygen, 1. 
There is here an atom of carbon in excess.”'-^ 

• This is pvohahlv ihc truer view. The former would mahe it coincide with cam- 
phor.'’ 
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Common oil of turpentine, specific gravity 0*888, comes 
very closely to tJie following arrangemont : carbon, 14 atoms ; 
hydrogen, 10; oxygen, 1. ( )il of turpentine, purified with alco- 

hol by Dr. Niinmo’s method, seeuLs to jyiproach to the consti- 
tution of naphtha, or of a mere carburet of hydrogen. Its 
s[)e(dfic gravity is 0*878. Jhitas from the mode of preparing it, 
a minute portion of alcohol may remain in it, I do not think it 
necessary to investigate its atomical structurt!.*' 

‘‘ Naphtlia, specific gravity 0*857, obtained by distillation 
I'rom pelrolenin, is very nearly represemted by carbon, 22 atoms ; 
hydrogen, 20; oxygen, 1. it, therefoni, consists t>f 20 atoms 
olefiant gas, I atom carbonic ovide*, and 1 atom of carbon held 
in solution.’* 

C/Ustor oil is an ini cresting nncluons body, iVom its great 
solubility in aleobol. It lonsists iif^arly ot carbon, 7 atoms; 
hydrogen, 0“ ; oxygen, 1. ft is (*oniposcd, therefore, of 0 atoms 
olefiant gas 4- 1 atom earl>oni<> (cxide." 

“ Alcohol, specific gravily 0*812, is compcKsed very nearly of 
carbon, 3 atoms; liydrogcai, 5; oxygen, 2; or, of 3 atoms ole- 
fiant gas = 2*025, 2 water ~ 2*25, And in volumes, 3 olefuint 
gas = *0722 X 3 ~ 2*0100 ; 4 ‘.npn.Hms vapour = *625 x 4 = 
2* 500. 

“ Thus aleoliol of 0*8 l2, by the abo\(^ analysis, which I believe 
im-rils (a)iilidenc.e, from iUc. care, and consisteney of the experi- 
meuls, difi'ers liom i\l. Cay-l^nssac’s view ol‘ absolute alcohol, 
deduead from M. 3 h. dti Saussunfs experinumts, in containing 
an addilional \olume «4’ acpieous vapour. At the specific gra- 
vity *8ld, alcohol vv(nd(l have exactly this atomic*, cajnstitution. 
If the condensation \)c cMpial to the whole 3 volumes of olefiant 
gas; that is, if the 7 volume's cd* (‘.oust itiient gases become 4 of 
alcohol vapour, we slnill liave its spec^iflc^ gravity at this strength 
~ 1*3722 ; the additi(^nal volume ot’acpir'ous vapour producing 
iu:eessarily this abatcmu iu in the density.’’ 

i^'ibres c:>(* the bleached threads of the silk-worm were snl)- 
jeeded to analysis. Their c:oinj)v>sition is apparently, c’/arlxjn, 10 
at.(jins ; lyydrogen, d ; oxyg'«;n,5; *a/-ote, 1 ; or, 4 of ohdiant gas, 

• > (jf carbonic* oxide, and 1 of nitrous oxide; or of 1 at<.)m prussic 
acid, 3 atoms ole fiant gas, and 5 atoms crarbonic^ cjxide.” • 

(.'ottoii fibres, unbleached, seem to consist of c^tybon, 
11 atoms; liydrog;cai, 8; oxygen, 10. I"3ax, by L<‘e’s patent 
procc'ss, consists of c*/arl)on, 7 -atoins ; iiydrogen, 5; oxygen, 0. 
It contains more c;arbon, and is thc'refore probably stronger 
than common flax, prc^)ared by a putrefactive maceration. This 
sef''ms composed of carbon, I atom; hydrogen, 1; oxygen, 1. 
But this is tlio iheoretical representation of sugar by iVl. Gay- 
bussac and Dr. l^rout ; and hence, these chemists would readily 
e xplain, how linen rags may pass into the fonn of sugar by the 
action of sulphuric; acid. Woo> approximates to carbon, 10 
atoms; hvdiogen, 3; oxygen, 4 ; axote, I/' 

\etr Sn ies^ voi.. v. 2 a 
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Cochineal seems to b€i made up of carbon, 15 atoms ; hydro- 
gen, 11; oxygen, 8; a/ote, 1. Cantharifles approximate to 
carbon, 11 atoms ; hydrogen, 10 ; oxygen, 7; azote, 1.'" 

My result with urea differs so considerably in the proportion 
of azote from that of JJr. Prout and M. llerard, that 1 am dis- 
])osed to doubt of the accuracy of my experiments, tliough they 
were made with the utmost care, and were most consistent in 
the repetition. I could perceive no smell whatever of nitrous 
gas in the gaseous products, which were made to traverse a 
column of copper filings three inches hmg, in a state of ignition. 
I shall renew the incjuiry on urea, anti tmiploy the lowest tem- 
perature compati])le with the formation of carbonic acid.” 

The prime erpiivalent of benzoic acid crystals, I Find by 
saturation with water of ammonia, to be 1 ho ; and it consists 
apparently of carbon, io atoms ; hydrogen, b ; oxygen, 4. 0(‘ 

crystalline citric acid, the prime ecphvalent is 8*375 by my expe- 
riments ; and it consists probably of carbon, 4 atoms ; hydrogen, 
t3 ; oxygen, 5; or, of 4 atoms carbon, 3 water, aiul 2 oxygen. 
Two of these atoms of water are separated, when citric acid is 
combined with oxide of lead in what is called the dry citrate. 
Hence, the acid atom is in this case b*l25. The prime ecpiiva- 
lent of crystalline tartaric acid is 3*25 by my results; and it 
seems made up of carbon, 4 atoms ; hydrogen, 2 ; oxygen, fi ; 
or of carbon, 4 atoms; oxygen, 4 ; water, 2. iVom my experi- 
ments 1 have been led to conclude, that into dry tartrate of lead 
these two atoms of water </u enter as a Constituent ; ami liemte, 
that the crystals of tartaric acid are as dry as is compatible with 
its constitution. Oxalic acid crystals hav(' 7*875 for their prime 
equivalent, and are conqK)se<l t>t‘ ('aibon, 2 atoms ; liydrogen, .3 ; 
oxygen, 6* ; or of 2 atoms carbon, 3 oxygen, 3 water. Into the 
dry oxalate of lead, these 3 atoms of water do not enter. Hence 
I find the dry acid to be composed of carbon, 2 atoms ; oxygt n , 3 ; 
or, of I atom carbonic acid 1 atom carbonic oxide, as wvis first 
suggested, I believe, by Dobereiiier. Crystallized (>xalat(^ of' 
ammonia consists of 1 atom acid, 1 atom ammonia, and 2 atniiis 
water, = 8*875. By a gentle heat, 1 atom ofwatgr may be sepa- 
rated ; and an oxalate of ammonia, as diy as is compati])le with 
its neutrality, remains.” 

^^1 have analyzed, by the peroxide of copper, the citrate, tar- 
trate, and oxalate of h^ad ; and on comparing the results thus 
obtained, with those derived from the analysis of' the crystalline 
acids, I have come to the above determinations. 

Ferrdprussic acid, the ferrocyanic acid of the French che- 
mists, has proved hitherto a stumbling block to me, in reducing 
the results of my experiments to the atomic theory. 1 have sub- 
jected it to very nuuKuous trials in many states of combination, 
and have sought, with great }>ains, to accommodate the results 
to the doctrine of prime equivalents ; but hitherto without suc- 
cess. The following facts, however, may perhaps be deemed of 
some consequence. 
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lu iho first ])laco, the priino c(piivalont of the crystallized 
ferroprussi‘al(‘ of ]) 01 as]i is ('(impart'd to oxide of lead 14, 

and to iiilrate of th(^ same metal 1?(>75 ; lliat is, 13*125 of the 
foriiH i* salt iKMitralize 20*75 of’tJie lathi^;. In tlic second place, 
14 parts of<)xid(‘ of Itvad yield 21 ])arts of dry ferroprussiatt'. of 
lead ; or the atomic wed^ht of drv lerropnissic acid is 7. 

The niean of my anal\ ses of‘ ferropnissiate of lead p;iv es the 
ic'lation of the conslitiient.s of tin? acid, as marked in the table. 
Theses projiorlions, reduced to llie atomic weight 7, atford 


Carbon 2‘7>774 

Azote 2*4703 

Ih? neons inatteu' I *0523 


7*()()00 

Were we to siipposc the prinm equivalent of the ferroprussic. 
acid 7*5 instead of 7 ; and were W(^ further to suppose that the 
(’arboii in tlie above result sliould be 2*25 ^ 3 atoms, and the 
azole — 3*5, or 2 atoms, then we miglit couceiva^. an atom of dry 
li’iToprussi(‘ acid to b(‘ made n[) of 


C'arboi) 3 alums 2*25 

fizolo 2 3*50 

1 roil I I *75 


7*50 

“ l>ut ( \]>erim('nl does not permit me to adopt this theonitical 
r('pr(‘sentat ion. 

'file best Jiiodi* that has occiirnd to ui! foj* aualv/injj!: haro- 
ju'ussiale ofpotash, is to ('ou\ lat it, bv the equivah’iii (juantity of 
nitrate of lead, into the 1‘eiroprussiate of ill is metal ; then to 
Nc.'parate the nitrate of poiash by liltratio*n; and, after evapora- 
tion, to det(M’inine its weiglit. In this way, 13*125 grains of 
crystallized f( rro])russiate ofpotasli alford 12*33> grains of nitre, 
ulii<'h contain h*3 of [jotash.'’^' Hv heating nitric acid in excess 
on 21 grains (^>f feiTO])russiai(^ of l(ra,d, J (»btained 2*025 grains oj' 
peroxide of iron, e(juivulent to l*tS375 of the nietak Hence I 
infer, that the iron in tlie ferro[)russiate of lead is in the mvtallic^ 
state ; for the joint weights oI tlie carbon and azote contained in 
7 grains of the dry acid is 5*0177 ; and the diiference, 1*0523, 
apprt>aches too c.iosely to tlie above (plant ity, 1*(S375, tor us to 
suppose the metal to b (3 in tlie state of jiroto.xide. In fad, 2*025 
parts of peroxide x 0*0 = 2*3025 of protoxide, is a quantity 
much b(*.youd what exjieriment sliows to be present.'’ 

^ r»y rarctiil (lesicciition, 1*09 ^rain of water maybe sqxfatcd from 1.M25 grains 
of the salt.” 
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Article VII. 


Memoir illast ralivc of a general Geological ]\hip of the principal 
Moanfain Chains of Cjuropc. Bv tliu Bcjv. VV. D. Coiiybeare, 
FK8.&C. 

( Con t huted from p. 289 


Sands hnmediaUdy inferior to the Chalk {Green and Iron Sand). 

Craie Chloritce ; ijt some. Inslances^ idnadersand^tein I 

This herniation, where inosl extensively ilis[)laye(l in Faigland 
(the only country where it lias yet received full attention), con- 
sists of the following deposits, each of considerable thickness. 

1, and lowest. Beds f)f sand highly charged by brown oxide 
of iron containing lignites, associated occasionally with coarse 
limestone containing remains of turtles, (^rocotliles, and marine 
sheiks. 

2. Bine marl. 

3, Beds of sand usually coloured by green oxide of iron, but 
occasionally passing into the brown oxide, containing alcyonia 
and sponges, and uluindant shells often chalcedoni/ed. 

4. Mari containing several pecailiar niultilocuhir shells (hami- 
tes tiirrililes, S^c.), and hones of Saurian animals, jiassing by its 
low(‘st beds into No. 3, nn which it rests, and by its uj)]:)er bods 
into the inferior members of the chalk formation whicli cover it. 

All tliesi’ varieties, how'oaa*, are by no means universally 
found even in lingland, and nothing beyond a general conformity 
to the type of the sevic's taken collectively jam be reasonably 
expected in distant countries. 

hoehiil ies. — (A . ) Cngland. 

In England, this series is very imperfectly exhibited in the 
northern counties, where traces only of it are to be. seen under 
the chalk wolds of York and Lincolnshire, and (‘rc»ssing the 
vestuary of the Wash at Hunstanton clift‘ in Norfrdk. In Cam- 
bridge, Bedford, and Buckinghamshire, the iron wSaiid, No, 1, is 
well 'exhibited ; but the ujiper members arc more ^^onflJsed. It 
doesuiot indeed appear that the green sand exists as a distinct 
def)osit, but is rather blended with the marl, IS o. 4 (therfi called 
gait). In Oxfordshire and Berkvsliire the tract which lies along 
the course, of these formatiiuis is low', and much concealed hy 
diluvial debris ; but insulated portions of the low est deposit (the 
iron sand) sometimes form summits on the ranges of tlie oolitic 
hills. In W iltsliire, the green sand. No. 3, is sliowai in great 
force, as also on the coniines of Dorset and Devon, where it 
tbnns th(‘ summit of the elevated platform of lilackdown Hills. 
Iiisulalecl ridges of similar character extend on the west of 
Fxeter as at llaldon Hill, almost close to the transition district ; 
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but the best opportunities of studying the whole ionnatioii are 
afforded by tlie eastern coast of Dorsetshire (the Isle of Purbeck), 
by the isle of ^Vight, and more especially by the great denuda- 
tion of the beds beneath the chalk in the soutJi-easteru counties, 
including the Weald of Kent, Surrey, and Sussex, where ail the 
beds above* enumerated are displayed on the fullest scale, in 
the other British Islands, this formation only occurs in the north- 
east of Ireland, wdiere it may be seen near Belfast supporting 
the chalk which underlies the great basaltic area of that district. 

(B.) rrauce. 

In France these formations have been observed among those 
which circle round both the northern basin of the Seine and the 
south-western basin oftlu! Oaronne. 

1 . They range beneath the escaipnienl of the chalk hills sur- 
rounding the denudation of Boulogne, a coutinuatiou of that 
just mentione<l as oc.cupying the south-eusteru counties oJ‘ 
Fngland. 

2 . They skirt round the exterior of the chalky zone bounding 
the basin of Paris, forming a broad sandy trac t. iVlr. de la 
Berlitz has distinctly describcid the cominencmneni, of these 
chains from the channel near the mouth of the Seine, and illus- 
trated it in his excellent scattions puVjlished in tin* Cjeological 
'iVansact ions for I<S22. 

IVl. Omvdius crilalloy has <lescribed the series un(U;r the title 
of the lower clialk, which seems veuy unfortunately chosen, siiicit 
it is only mintnalogically ap])licable to a vtiiy small part of il 
(that corresponding to our ( halk marl), and has led to iiiucJi 
confusion both as to tlui descriptir>n oftii'^ chalk formation itself, 
and its constituent ibssils. Ihis autluu' notici^s tlie following 
subdivisiims ; 1 . (Jhalk ; scunetimes of a coarser texture, occa- 
sionally mixed with clay, sand, and <'jilorit(', containing pale 
Mints abundantly. 2. TuMeau ; ia>arse sandy chalk mixed with 
chlorite. 3. Sands and sandstones ; often mixed with calcare- 
ous matter. 1. Greyish clay ; commonly of a uiarly character, 
sometimes mixed with chlorite : the passages of these modihea- 
tions into one another, and tluar alternations prevent the (l(‘<‘ided 
determination of their order of superposition, further than the 
assigning the highest position in the series to iNo. 1 . 

'J'he green sand occurs beneath the clialk at Valenciennes ; it 
is there Ccdled Turtia. 

3. In the basin of the Garonne this iijrmation has been {)arti- 
cularly observed by M. Boue along its nurtheru bord*er, stretch- 
ing from the Island of Aix near la llochelle, to J^erigord. 

Humboldt has extracted from an unedited memoir of M. Fleu- 
riau de Bellevue, some very interesting particulars concerning a 
arge deposit of lignites connected with this formation in the 
vicinity of the Isle of Aix. They consist of dicotyledonous 
plants, partly petrified, partly bituminized, and sometimes in the 
elate of jet ; they are generally compressed, and lie sometimes 
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is regular hori/ontal Ijeds, stjiuel.iiues conruscclly heaped toge- 
ther. Tliev lonii It kind efsuhoiaiine forest, exteiiding iii a bund 
a league and a halt’ in breadth from tln^ north-west of the Isle of 
Oleron, 14 leagues to the interior of the mainland along the 
right hank of the Charente, about a inetie below the level of the 
high tidc^s. They are associated with a coarse griE containing 
bones of large marine animals. The geological ironstitutioii of 
the neighboLirhoud is said to be following an asceiiciing order : 
I. Coinpac.t lithogra])hi<‘ limestone of an even fracture (La 
Tiochelhi St. Jean dh\ng(4y), beds of (K)lite (point of C4ia telaillou 
and Matha). 3. Lumachelle and l)eds ol’ polypiers, witii 
impressions of grypluea angustata. (I'liese three deposits an^ 
considered as representing the Jura limestones, and ihti latter as 
identical witli the coral rag of ILngland). 4. Cheat bed of lig- 
nite with mariiK^ pi^at, succin asphaltc', and plastic day. 
5. Ferruginous ami chlorilose sand, slate clay, and argillaceous 
and calcareous beds with trigoni-.e and cerithia, and IVaginents 
of lignite. On the south-west of the ( 'harente, No. 4 and 5 are 
wanting, and a very white limestone said to bc' t lui lowest c^halk 
rests immediately ou the oolites. IVl. Iloiu' Iras trail'd the pro- 
longation of thes(.‘ lignites from Ixoc.luduil by Pcaigiieux to 
Saltat in tln^ Perigord. 

Similar instances of tlu‘ occurrence of lignite in tlil?; formation 
have been observed in Fngland in tiH‘ lsh‘ of Purixa k, the Isle 
of Wight, and in the VV eald of Sussex. Mr. iMautcll has desmibed 
the vegetable remains of tin; last -nientitimd ileposits in the I’ortv- 
second page of liis work on the geology of that district. 

'file iron ores of l^('rigord ocaair in this Ibrmation. Nl. lloue 
has also observtal iron sand, grt;en sand (with crabs and ec'.lii- 
nites), and clialk marhg on the S\V. of llic basin ol the C-caronne 
betw<'(m Payonne, St. Stwans, and l)av. 4 liesti d(‘posits ri.‘pos(.‘ 
on tiu! Jura limestone,^ w hic li forms a band at the fool of tin* 
l\renees. (»)iiadersandstein with lignites succeeds — t]n*n a 
f<‘w beds of ]\I uschelkvdk coxeiing tin' great salii’t^rous sand- 
stone. 

(C.) yi//>.v. ,, 

C)n the northern horihu's of the Alps, the highest bed.s of the 
exteribr calcareous chains consist ol' a dark-colonrcil limestone 
i)ften mixed with sand and gretm j)arl.icles, and agreeing in its 
fossils vxitli this part ol'thc Ihiglish sorit s, with the addition of 
nmmnulites, wJiicdi are rare (although tiny* do occasionally occur) 
in these beds in Ihiglaiid. Similar htids anj mentioned, and in 
a similar ])Ositiun, on the. skirts of the Maritime vVlps, near Nice, 
ill ]Mr. Allan’s account ol'tJiat neighbourhood. (I'kl. Pliil. Trans.) 
They form the second limestone of the memoir referred to. 

Jn Cuvier and Broguiart’s description Ciciilogique des linvi- 
rons lie .Paris, will be Ibund an account of a i’ormutiou of the 
same epoch with the craie chloritee, (the Fhiglish green sand, and 
chalk marl,) in the chain of J>ue(, with a parlicular onumeratiou 
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of its fossils ; and a description of a similar formation overlying 
llie 1 )(m1s of Jura liiuestoiie at the loss of the Rhine, near 
Reilegardc. 

(D.) (iennani/, , 

'fhe prolongation of the Jura chain through Franconia is 
covered from near Ratishon with formations, pro]>ably coeval 
with tliose now described. 

I liave already hinted my suspicions that more than one form* 
at ion are confounded under the name of (juadersandstein ; tliat 
i .H-k so calh d, which is obviously interposed between the Mus- 
i.Iiellvalk and Jura linu.stone, is probably the. saml anil sandstone 

our inlerior oolite ; 1 still ljow(‘ver I'oni eive that mucJi of the 
<j!iadersandstein intlu' north ot Clennany will not be lV)uud placed 
ill lliat relation, but rathei’ corresponds with our green anil iron 
sands ; yet it is highly diliicull. to pronounce conemning a rock 
which is so sehloni sca n covered b\^ any thing but. diluvial detri- 
tus, and wliost* true* place in the series must, thc'reforc, ratlier be 
inferred I’roni theory than asian t.aiiu'd by observation. 

(iw) Poiand. 

oNIr. Auckland eonsiden*.^ th(‘ sand containing lignite which 
io inlies tin- salifs-ous sandstones oftlie Wi<Ji(‘k'/.a. mines, which 
.\1. Ih'udani lu'siiat ingly re ft* rs to the tertiary molasse as belong- 
ing in truth to the. gr<ion sand. iMr. Reudant’s inlerence rests 
«»nly on the; occurn‘ucc of lignite, which he erroneously consi- 
dered as jieculiar tu the tertiary sands, but winch, as we Jiave 
een, is (Mpially eoinmon in this formation. Mr. Rucklainrs 
opinion is rendered grc'atly mcuo probable by the gcmerul siruc- 
t ur** of t lu‘ c'omitry. 

{'I'tf fu' cotUinuca,) 


ARTicin: VIIL 

A Means of jyhrrinibiatlon heln cen the Sulphates of Ihirl am and 
Slront iuui. Ry James Smithson, Esq. FRS. 

« 

(To the Editor oftlie A)nials of Philosophy.) 

SIR, ‘5, I8*2S. 

To distinguish barytes and strontian from one another, it is 
<lirectcd in N^o. 19 of the Journal of the Royal Institution to dis- 
solve in an acid wliich forms a scjhible salt with tliem, to decom- 
pose by sulphate of soda, and to add subcarbonate of potash to 
tlui filtered liipior. If the earth tried is strontian, a precipitate 
falls ; if liarytcs, not.. 

VV hen these matters are in a state to be soluble in an acid, a 
more certain, 1 apprehend, and undoubtedly a much easier pro- 
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ceedin^, is to put a particle into a droj) of marine acid on a plate 
of glass, and to let this solution crystallize spontaneously. 3'he 
crystals of ( hloride oi* barium in rectangular eight-sided plates 
are iinnicdiately distinguishable from the iibrous crystals of chlo- 
ride of strontium. * 

I have not repeated the ])roci\ss above (pioted , but if sulphate 
of strontium did possess the solubility in wate r there implied, 
this (juality presented a ready nuithod by whicli miiuu’alogists 
would beisnabkal to <listinguish it from sulphate oi barium. On 
trial 1 did not find water, or solution ol‘ sulphate of soda, in which 
sulphate of strontian had long lain, ])roduee the least cloud on 
the addition of what is called subcarV)onatc of soda. 

The means I have long em}doycd to distinguish tin* t wo sulphat es 
apart was to fuse with carbonate of soda, wash, (lissolve in marine 
acid, ike.; l>ut this process requires more time and tmuhhi than 
is always willingly bestowed, and may evam present didiimlties 
to a ])erson not familiarized with manipulations on v(*r\^ small 
quantities. 

A few months ago a method occurred to me divesti'd of these 
objections, 'fhe mineral in lino powder is blended with chioiide 
of barium, and the mixture fused. I'he mass is put into s]^irit 
of wine, \vhose flame is coloured rf‘d if'th(‘ mineral w as sulphate* 
of strontium, dlie red colour of the tlanui is more apparent 
when the spirit is made to boil while ])uiiuiig, by holding the 
platina spoon containing it over the lanq). 


Article IX. 

Observations on the ’Veniperature^ (uul iyenera/ Shil'e of the W ea- 
ther, on the Coast, of Africa front the Hirer Sierra Lco/te 
(8^ 3(K N) to the Fn/italor, hut prineipftl/t/ in (he Ontph. of 
Guinea j'/utti JLat . /e the tatter, 13y ( ^apt. H. Marwoo»l 

Kelly, H<^yal Navy, late of his Majesty’s Ship Plieasanl. 

(To the* Kditor of the Amials of Phi! osdjdn/,') 

, t>lR, ^ipril I, 

From local peculiarities in the state of the W'eatlujr on thesi* 
parts of the coast, it is usual to divide the yt?ar into seasons nfu 
denomination different from other j)arts of tin* globe; in place oi* 
spring, summer, autumn, and winter, they are here called llic 
tornado,^ rainy, foggy, secoiul or after rains, and fine seasons. 

* These violent convulsions in tlic atmosphere so territii* to sailors, and which would 
be no less so to landsmen, it the state of cultivation was so far advanced, as to expose the 
husbandman’s labour to tbe ravages of these dreadful tempests, iirst slu»ws itself on tlu* 
eastern quarter of tlie horizon by a deep black cloud liea\my charged with clectne fluid. 
This cloud continues increasing in size, sometimes for an hour or two before it is put in 
motion, and constantly emitting vivid lUishes of lightning, accompanied by heavy and 
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From Sierra Leone and the rivers in its immediate vicinity, as 
fiu* ns Cape Appollonia, the tornado season sets in about the 
middle of April, and continues to the middle of June, when it is 
succeeded by the rains ; at this time tliese violent convulsions in 
the atmospliere are frequent; rarely two days pass without one 
being experienced ; and even in tlic early parts of the month of 
April, ihey arc sometimes felt. The load (>f vapour from whi<di 
the atmosphere is unburdened by them, renders the air pure and 
wholesome, and tlie rain whicJi falls in torrents fnrtlm\space of 
an hour dries up so immediately that they may l)e deemed as 
(‘ontributing much to the salubrity of‘ the climate ; (wen to ship- 
])ing, except at anchor in the rivers, if due precautions are taken, 
they are attendiai with no danger, as the gust of wind always 
eom(‘S from the land, north oi‘ (’apci Palmas, and in a parallel 
with it, east of that Cape, and w ith quite suflit ieiit warning even 
for a nnu’chant. ship, with but lew men, to make tlic necessary 
preparations. 

About the middle of June, the rainy season commences, and 
continues to the beginning, and sometimes evmi to tlu^ latter emd 
of iVovember: from the little cessation of rain which takes ])laee 
during this period, the ground soon bc^comes dre.nelied, and 
fn.uri it a miasma arises which eng(inders tliose pestilential 
reinitteJit fevers so destruclivc of Imuuui life in this part of the 
w'orld. 

As tin; rains begin to subside, they ar(^ succeeded ))y tliick ha/y 
weather, arising I’rom a rapid evaporatio)i of the moisture still 
remaining in the ground. 

About tin? latte r end of Df'Ctunher, and during the whole ol 
.lauuary, a wiiul oecasionally blows, p(n^M)ssing properties, and 
altendeai by cireiinistauces, peculiar t»> itself; it is known by 
lh(j name <d’ tlu! llarmalvin, and blows from tlui eastward with 
considerable slrengtli. It is always attended bv thick hazy 
weather, not withslaiHliiig vvhi<^h it is so dry and parcliing, that 
all wood-work warjis and slirinks, and, if united by glue, becomes 
detaclied. Paper and books appear as if they had lieen [>laced 
close by a fire. On the human frame its efl’ects are considerably 
felt; the lips*and nostrils become sort^ and inllamed, and tlie 

tUsUint thunder. Alter a time, it rises a little above the horizon, lo which its luVer edji;e 
is parallel, and extremely ])lack, and tliere remains stationary for a sliort time when it 
is ii^aiii put in motion, tlie mostlri^hlful dashes oftb/ked lij^htnin^, accompanied by the 
heaviest possihle claps of thunder, now issue from it in ra]jid succession ; when it lias 
reached a little beyond the zenith, a sudden chill is felt in the temperature, and then fol- 
lows a more violent squall, or <;ust of wiml, and rain, than the most fertile imagination 
can picture; but which seldom lasts longer tluiii half an hour. I always made a practice 
of taking in every sail, and putting the ship before the wind ; and 1 am ot t>pinion that 
in some of the most violent, even without sail set, if that j>recautu>ii was nt)t taken, atii/ 
ship would be throw'n on her beam ends. On slmre, all animated nature seems extinct; 
nothing is seen, nt»lhing is heard; every creature, whether man. bird, or beast, having 
sought refuge and shelter 4roui the approaching storm; but no sooner is it over than the 
air, which was before close and sultry, becuHies so delightfully pure and invigorating as 
to reanimate the whole animal creation. 
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throat paii^hcd, and other exct:cdinj4ly uneoiiiforlahle sensations 
excited, ulthougli it is geiieraliy oaid to give wounds and ulcers 
a strong jiredispositlon to heal. The maximum ot the thermo- 
meter is seldom above l~y^ Fahr. 10^ lower than it is boUi before 
and after it. Its duration varies from two or tliree to seventeen 
or eig'liteeii days ; this may be considered as ])aft of the line 
season, which continues till the tornados again comniemco. It 
is not peculiar to this part ahuie, but prevails throughout the 
whole extent of' tropical Africa. 

The Gold Coast, which is saiil to commence at Cape Appollo- 
nia, but more properly at Cape Three Points, and ends at Cape 
Saint Paul, comes next in the line of coast; and as it differs 
both in heiglit and ajipcarancc from that further to windward, so 
does it both in climate and sahdjrity. 

Tile tornado season commences early in and ends 

about the midille of May ; they are by no means either so violent 
or freepumt as on the coast east or west of it. Towards the.ir 
clos(‘, and immediately preceding the rains, strong southerly 
scjualls with Jieavy rain are soriit*tnues experienced, l)ut unaccom- 
panied by thunder and lightning. 

About the middle of May, the first ruins commence, and con- 
llnue for six we(hs. hairopeans who have spent some years in 
thi* eouuliv, suffer mue.h inconvenience, from intermittent fever, 
hut it is seldom attended with danger. 

havrly in the month ol‘ July, the first rains cease (it is liere that 
cessation commences), and is followed , by a dense tog which 
lamtinues till August. .During this peri oil those persons wlio 
tirii not inured to the climate are subject to att acks of the bilious 
remittent fever, which often proves fatal; the season when this 
piistilential disease jirevails is coniparativety short, arising I 
imagine from the vsurface of the laud being compose-d of a light 
sandy s(ul, which easily admits the water tliat falls to runoff into 
the sea, or to be taken* up by evaporation ; it is a singular fact 
that Ijiere are no springs on t he Ciold Coast, and the inhabitants 
are entirely rlependent on reservoirs, in which water is eaug;ht 
and preserved during the lains for the wliole year’s consumption* 
iTom the begiiming of August to the middle di‘ September, 
the weather is particularly fine and pleasant, the mean tempera- 
ture atloat not being more than Fahrenheit. 

To this succeeds the second rains, which last till the end of 
October, but these arc so moderate as not to more than 
occasional showers. The weather from this timers fine till the 
tornado season again commences. In December and January 
the harmatan occasionally blows as on the windward coast, anil 
with the same cHects. 

The .Diglit of Benin, Irom Cajic Saint Paul to the river 
Ramos, is (w ith the exception of the tornados being much more 

* The night of neuin is ftmued by Cape ^5amt Taul and Formosa, whicli arc distant 
from each other about 103 leagues. 
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h lupi-.^tuous), subject to llie same periodical division of seasons^ 
:is tile (Jold Coast till tluj middle of Septeiubiu*, when the second 
i.iiiis set ill witli the greatest possible violence, frequently 
littended with the heaviest tornados, I also found that on the 
eastern side of it, from Lagos quite round over tliat alluvial land 
tlirough \vhi(di* the great rivers tlow, a slight tornado came off 
ebout sLinsijt, every evening during the inoutli of iSovomber. 

In tin; ilight ol‘ IJiafra, the tmnado season connne'iices in the 
l)eginning ot February, and lasts to the iniddh' of March, when 
it is succeedi'd by the lirst rains. These contiuiu', to the middle 
t)t‘ LVIay, and are then followed to the end ot'lhat month by the 
fogs, but tlu'V are not nearly so dense as in tli(‘ Biglit of Benin, 
especially in the neighbourhood of the islands. i'roiu this 
liiiie to the middle of Seplcnilier the weather is particularly lino, 
])ul seldom unaccompanied with Inr/c. At the latter period, tlu^ 
second rains set in, and fall c‘\tremely In^avilv to tlui end of* 
OcLobi'r, wlic'u ihry begin to subside, and are fol[ow(‘d by tine 
wt ailicr till the* tornados recnmmetiee ui l"\3)i‘uary. 

Tln^ above descM'iption of tin* weather witliin flic belbre-nnui- 
iioued liiniis «)ij tin* Coast of' Afiica, aJthougli if, app(.‘ars to be 
<livuh‘d, ainl govu iin d by laws witli tlie most ])erftMd regularity, 
hy no mi'tiiis to be (Uiiisidered as not subjeea to any variation; 
IS, ibr (;\amj)l«‘, iii Jtilv, 1811), on thi^ CoUl (.\rasl and Ifight of 
iieiiiii, allbougb geneialiy sul)ji i‘,l, to I'egs, I e\j)(‘rii*iu*tal a e,(Hi- 
siderahb' (piaiiiity of ram till 1 reached llu* river Kamos, troni 
llirnci? around Ca[)e i^'oruiosa, and into tlio Bight ot Ibalra, the 
w^adier was pariieularly line although attciided with some 
lia/e. 

Again in the yeai’ 182(1, i wa.^ cruizing in the Bight of Biafi’a 
dul l Mg the. whole of tluj monllis <>1 June and July, and nothing 
could excecfl the delightful state of tlic wa ather; but in the lUid 
oi jul>, 1821, I rounded the Jhght of Ihmiu in a thick fog, and 
on ap])i“ou(‘liing CJape Kormosu, and running' along tin; north coast 
oi Biafra, I found h(;avy rains constantly falling from midnighl 
io noon, wliich coutiiuunl for nearly a month. 

Als'j, aUliougii a [)ortion of* the year is called the tornado 
season, tornadus are not uncoiuuion during the periodical rains, ^ 
iusomucli tliat in the lufighbourhood of Sierra Leone, tlie end of 
September ]s ffe(tuently called the second tornado season. , 

The folhjwing dady slalenicnt of the tenipevature is the 
mean of tlii\;e observations of the thermometer taken generally 
at 8 a. in. 1 p. ni. and cS p.ni. 

The thermometer was hung against tlic middle partition of 
the Pheasanl’s cabin, with the doors, windows, and porks, always 
o])en to admit a free circulation of air. 
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June, 1819. — From the 1st to 5th, ])ctvveeu lat. 11^ and 
8^ 30' N, fine vveatht:ir ; the 0th and 7th olF Sierra Leone, tor- 
nados and heavy rain ; iVoiu the 7th to 17th at aiiclior in the 
river. Weather occasionally fine ; at others showery, and tor- 
nados. From the 17th to 3Uth, on the coast between Sierra 
Leone and Cape Palmas, continued heavy ra*in, with heavy 
tornados occasionally. 

Jufte, 1820. — From the 1st to IGth, running from Cape Coast 
to the Island of Saint Tliomas, north of the parallel of 3^ N, a 
considerable quantity of rain fell; but south of it, had fine wea- 
ther ; from the 17th to 30tli cruizing between the parallel of 
2*^ N and, the equator. Fine weather, but cloudy ; and I must 
here observe, after three years’ experience, that I have always 
found the weather more cloudy, and the thermometer lower, on 
or lu^ar the equator, than a few degrees north or south of it. 

June, 1821. — From the 1st to 23d, at anchor -at the Island ot‘ 
Ascension particularly tine weather. From the 24th to 3()th, on 
the passage from Ascension to Cape Coast, fresh breezes, and 
cloudy throughout. 
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1819. — From the 1st to 9tb, from the vicinit^’^ of Cape Pal- 
juas to Cape Coast Hoads, cootiimed heavy rain, from the 10th 
to l()th at anchor in Cape Coast Jloads, cloudy weather, with 
frequent showers. From the 17th to 2()tli on various otlier parts 
of* the Gold Coast, fine weather. From the 21st to 25th, in the 
llifi^'ht of Benin, continued heavy rain. From tl'e 26’tli to 31st, 
in the Bi^ht of Biafra, tine weather. 

.////;/, 1820. — ^riie whole of this montli between 1® 50' N, and 
0" 20' S, moderate and cloudy weather throughout. 

1821. — From the 1st to 18th on the Gofd Coast, 
moderate breezes and hazy, with showers at times. From the 
l8th to 23d, rounding the Biglit of Benin, in tliick hazy 
weather. From the 24th to 31st, on tlie coast between Cape 
hOrmosa and the river Bonni, cloudy and unsettled weather, 
wi<h vain, especially from niidnigfit to nemu. 
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Aa^ast, iMli).' — From the. 1st to 17th, riuiniiiL;: fVonitlie lliulU. 
of .l>intV‘.i to Sierra Leone ; while in the iicighbcHirliood ot tlu‘ 
e(]u^;tor, cloiuly, ])nt suttli d w.eatlna', with IVesh southerly winds. 
After j)cissing the lat. of 4^’ N’ (ai)out the paruliel of Chipe Ihilnias), 
continued imd heavy rain. From tlie LSth to 25lh, at anchor iii 
Sierra Lejontj River, heavy rain. From t]ie2(itli to 31st, betwe(*n 
SierAi Leone^and Cape Mount, cloudy weather, willi rain oeca- 
siontiflly. 

Angnsly 1820. — The whole of this niontli on the Cold Coast, 
the weather generally tim?. 

Augasl), 1821. — Jm'oui the 1st to 6lh, at anchor in Ceorg(;’s 
Bay, in the Island of Fernando Fo, unsettled weather with rain. 
7th, 8th, Util, and 10th, in the vi<rinity of the above island, with 
a continuation of the same weather. hhom the 11th to 31st, 
between the pnralhds of 1*^ and 3® ]V, and 8^^ and 4® 1% variable 
and unsettled weather, Irequt'iitly attended with rain. 



367 


1823.] the Coast of Africa. 


1819. 


I 1890. 


i" 

1891. 


September 1 

10^ 

1 * — 
September 1 

75g 


September 1 

760 

o 

79 

o 

7‘K. 

I 

1 

9 

T5.V 

\ 

7}»A 

1 


:i 

75.1 

1 

79 

4 

76.* 

1 

1 

75,4 

5 

7Sj 

5 

77*. 


5 

751 

('} 

78,'. 

’ 0 

77.-; 


t> 

76 

7 

78V 

7 

78.’, 


7 

78 

S 

78' 

8 

78 


. 8 

80 

9 

76;^ I 

9 

7HV 


9 

791 

10 

75'. 1 

10 

78 

1 

10 

79' 

1 1 


1 1 

77', 


11 

801 


79 

19 

78 


19 

80', 

\:i 

7(i* 

1 i;i ■ 

78 


18 

701 

11 

7h.', 

14 

77/, 


U 

80 

1.7 

7<K i 

1 15 

78 


15 

sol 

Ifi 

7<) ! 

t 16 

78'V 


16 

781 

17 

7 5;^ i 


79 


JT 

80 

IS 

7() ', i 

• 18 

78;; 


IS 

791 

19 

7-1.1 1 

19 

78.1 


19 

791 

\H) 

77 1 

‘20 

79 


90 

7!> 

el 

78 ! 

1 > 

1 99 1 

76 


91 

78 


77 

7 71 


‘/9 

7 91 

e.‘» 

7 7:; 


771 


98 

79 

h 


1 91 

79 


9 1 

79! 

e5 

78 ! 

i 95 

79'. 



SO 

•iG 

79 \ 

t 96 



96 

SI 

97 

SO 

97 

791 


97 

7H\ 

98 

78;^ 

i 

78' 


98 


99 

79* 

1 99 

78 

1 

99 

79' 

‘10 

79 • 



78 

.i! 

50 

79, i 

IMean ot' the month . . 

77 V 

I'3feaii of the inontli . . 

78 

r.'Moaii 

of the mor.tli . . 

7 SI 

iMaxinium tl\cr\u. on 


i3Iaxinnini therm, on 


1 5Ia\iimim therm, on 


the 97 til ivt 1 p. ni. , 

SI 

|j the ‘97th at 1 p. m. 

SO 

the 

9()th at 1 1 ). m. 

S8 

.Miiiinuiiu tlicnii. on 


1 ,^1111111111111 therm. «»ii 


. JMinimimi. therm, on 


the 1 9th at 8 p, in . . 

7 t 

the 9d at tS p. ni.. . 1 

79 

11 the 

4 1 1 ) a t J"* a n 1 . . , 

71 


Scpf cnil)cr, I'SlU. — Kroiut.hci 1 sti o 1 Of li, runiiiiH^' froiu flicwiiid- 
ward coast, to C.'a[)C Coast Koa»ls, inodcrrat (.‘ and cloudy wt atlicr, 
wjtli sl)o\vcrs of rain occasionally. I'roin t]»c 1 Ifh to Kith, at, 
anchor in (o»ast Hoads, hnc weather. (3n tlic 17th, KStli, 

lOtli, and 20tlj, between the parallels of 6^ and (r' iN, cloudy 
weather. From the 21st to 3()tli in the Fight oi‘ Ih nifi, conti- 
nued and heavy rain. 

September^ 1820. — From the 1st to Tilh, reaching from 
the (/old (k)ast to the l/ight of Fiafra, moderate and cibndy 
weather. FVom the 13th to 30th, ht;tw(jen tlio paralhds of 2^ N 
and equator, first week cloudy, with rain occasionally; lattf'r 
j^art heavy rain. • 

Sepferabery 1821. — From the 1st to 9th, running from 0*^30' 
and the meridian towards Sierra J^eone, moderate and line 
weather. From the lOth to 30th, at anchor in Sierra Leone 
Iliver, weather extremely unsettled, with a considerable (juaii- 
tit)'^ of rain. 
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22 

815 

22 

79' 
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82.', 

25 

H(h\ 

2.5 

79:' 
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821 

24 

HO'i 

24 

77:1 

I 24 

8.5 

25 

79:' 

25 

801 

25 

85.1 

20 

80 

26 
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26 

81.; 

27 

soil 

27 

8 \ ;; 

27 

85 1 
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SI 

2<S 

HI 

2S 
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20 

81 

29 

79.i 

29 

81 1 

50 

81 5 


8ri 1 

50 

85.5 

51 

81 

l! 

78.', j 

51 

85', 

Mean of tlic month . . 

so 

1 Mean of tlic month. . . 

78r { 

jMean of the month . . 

8*5 

Maxiiimiu therm, on 


! Maximum tlierm. on 

) 

i.Miiximum therm, on 

the 50th at 1 p. ni. 

82 

i the .50th at 1 p, m. 

84 

*the 25lli at 1 p. ni. 

86 

Minimum therm, on 


31 in. therm, on 24th 


Minimum therm, on 


the .5th at S a. ni. , . 

77 

1 at 1 p. m. a tornado 

76 

the 1 0th at 8 a. m. 

77 


October, LSli). — Froui th(? 1st to 2.3tli, cruizing in IVont ol' 
tho Bight of Benin, nearly the whole time between the pariillels 
of 4® and 5® N, continued and most heavy rain. The remainder 
of the month on the CJold Coast, line weatliev. 

October, 1(S20. — From the 1st to 13th, betweenVhe ])arallels of 
1® 20' N and equator, and 9® and 3® 30' Fi, continued and heavy 
rain.* FVom 14th to 23d, between the parallels ol’ the equator 
and 4® N add 3® and 13® VV, cloudy weather. From the 
24th to 31st, between the parallels of 5® and 8® 30® N, ^ind 13® 
and 14® 30' \V, continued and heavy rain. 

October^, 1821.' — loom the 1st to Kith, ( fui/ing between tlie 
parallels of 8® and 0® N, and 12® ami 14® VV, extremely un- 
settled and squally weather, attended by heavy and frequent 
rain. From the 17th to 31st, cruizing b(^t\v(‘en the parallels of 
(i® 30' and 11® 30' N, and 14® and 19' W, light winds, (‘.alms, 
and line weather. 
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1819. 


1820. 


1821. 
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22 
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23 
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23 
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23 
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21 
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24 
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24 

84 

25 
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25 
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25 
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20 
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20 
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20 
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27 
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27 

81 

28 
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28 

81 

28 

83] 

29 

83] 

29 

81.\ 

29 

84] 

30 

81 ;i 

30 

H‘3] 

30 

84 
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82ii 

;Mean of the month . . 

HO] 

j ^loan of the month.. . 

82] 

JMaxiinum therm, on 


jjMaxiinuni tlierm. on 


IMaximum tliorm. on 


the 19th at 1 p. m. 

85 

1 the 1 0th at ! p. m. . 

84 

the 29th at 1 p. m. 

87 

.Mitiimuin therm, on 


|?«Iiiiinmtn therm, on 


IjAlininmin ihenn. on 


the nth at 8 a. m. . 

78 

1 tile lOth at 8 a. m. . 

77 

II the 1 '1th at 8 a. ni. . 

70 


Novetnhcry 1819. — TIio whole of tliis • mouth, between the 
parallels of 0° and 8® N, and J® and (i^ 15, i^cnerally fine wea- 
llier, but a few tornados. 

Novcmho'y 18!2(). — The whole of tins month, in the vicinity of 
Sierra T.eonc, d,uring the first Ifi days a considerable quantity of 
rain fell. The last fortnight the weather was cloudy, but other- 
wise fine. , 

November, 1821. — Throughout the whole of this vnonth cruiz- 
ing between the Island of Gorce and liver Sierra Leone, the 
weather particularly fine, but frequently attended with consider- 
ubl(‘ liaze. 


New Scries, voL. v 


o 
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Capt. Kelli/ on the Tempetature of 


1819. 1820. 1821. 


JDeceuiber 1 
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801 
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J3 
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13 
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79 

14 

8 O 4 

14 
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15 

801 

15 
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in 

m 
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80 

17 
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79? 

IH 

8-5 

83 

18 

80? 
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79 

19 

19 

81 

19 

78 

20 

815 

20 

81 

20 

78 

21 

80 

21 

82 

21 

7 8 

22 

Sii 

22 

81 

22 

77? 

23 

78 

23 

80 

23 

7 9.1 

21 

80i 

24 

791 

24 

79? 

25 

82 

25 

78^ 

25 

79? 

20 
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20 

801 

20 

80? 

27 

82i 

27 

781 

27 

80? 

28 

83 

28 

791 

28 

80. \ 

29 

831 

29 

79' 

29 

784 

30 

82* 

30 

791 

.30 

79'^ 

31 

821 

31 

801 

31 

79 

]Mean of the inontli . . 

81 

Mean of the month. . . 

801- 

Mean of the month . . 

79? 

^laxiniuni therm, on 


31aximum therm, on 

Maximum therm, on 


tlie 9th at 1 p. in. . 

86 

the 4 th at 1 p. m.. 

84 

'the 7th at 1 p. m.. 

85 

JMininnim therm, on 


iMiniumiu therm, on 


Minimum therm, on 


the 10th at 8 a. m. . 

77 

1 the 23th at 8 a. in. 

75 

the I9th at 8 a. m. 

75 


December, 1819. — From the 1st to in and near Princes 

Island, fine weather. From the 15th to 31st, between the 
parallels of 1^ 30' and 4^^ 57' N, running from Princes Island to 
Cape Coast Roads, moderate and cloudy weather ; between the 
19th and 24th, squally at times. • 

December, 1820. — bVom the 1st to 16th, between Sierra Leone 
and Cape Palmas, the weather very unsettled and squally with 
rain.* From'the 17th to 23d, between Cape Palmas and Cape 
Coast; and from the 24th to 31st, at anchor at the latter place, 
weather generally fine and pleasant. 

Decemker, 1821. — The whede of this month at anchor in 
Sierra Leone River. From the 1st to 13th, ret^ular sea and land 
breezes, with fine weather. From the 14th to 23d, a strong 
harrnatan blow ing, wdth thick hazy weather. From the 24th to 
31st, light and regular sea and land breezes, with fine weather, 
but rather hazy. 
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1S20. 1821. 1822. 


January 1 

January 1 

80:^oj 
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77 : 1 ^ 
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6 
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82 

•8 
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9 
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82 i 

9 

81 

JO 
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1 10 

82 

10 

Hi; 
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so 

! 11 

8.3 ! 

11 

81 

12 

7 9 ft 

1 12 

82* 

12 

81 J 

i:i 

soi 

* 1.3 

SI’ 

IS 

HF. 

14 

80'^ 

14 

so;/ 

14 

82 

15 

Si:'. 

. ir> 

81 ; 

15 

7S 

1(5 

S2 

: 16 

S2 , 

16 

80*. 

17 

S2'* 

* 17 

82.; 1 

IT 

80* 

IS 

SO- 

' IS 

82 1 

IH 

80 ; 

19 

SO 

19 

82 1 

19 

•81 ■; 

20 

si:i 

20 

SI 7 i 

20 

82 


HOi' 

21 

«ii ; 

21 

80.1 


81 

22 

83 I 

22 

79 


7s:i 

‘?3 

‘81.; ' 

23 

80 


80 ;1 

24 

St) ; 

i 

79 


81^ 

:| 25 

81 ; ! 

! ‘25 

78* 


82 

26 

81 

! 26 

79 


S3' 

27 

8‘> 


77 ; 


82 y. 

28 

81 

’ 28 

78; 



29 

82.; 

29 



82 

.SO 

82/ 

SO 

so 



SI 

81 

SI 

81) 

-Mtj.'in of the month.. .| 

81 

jjMean of the inontli . . 

Sli 

||5Iean of the month . . 

80 

-Maximuni tlierm. 
ilie 27 th at 1 p. m.| 

84 

1 1. Max in nun therm, on 
II the 29th at 1 p. m. 

86 

|j/‘Iaximiini therm, on 

1 the 2(;t]i at I p. m. . 

S5 

.Mininuiin tljcrni. oi 
the at S a. iii . . 1 

1 TT 

HIMinimum therm, on 
jj the S 1st at S a. m. . 

77 

i3Iinin>um llicrm. on 

1 tlie I st at S a. ni. . . 

75 


Jdtniarif^ 1820. — From tl)e 1st to LStli, on tlio CJold Coast, 
moderate and settled vveatlier. luom tlie lOtli to 31.st, cniizino- 
Ix'lvveeii the parallels of 4*^ and N, in front of tlie Bight of 
Bonin, continued iiiie weather. 

Jatiitfin/y 182T.. — From the 1st to 7th, on the) Gedd Coast, 
moderate and line weather. From the 8th to 2od, between the 
parallels of 5° 3(/ and 4° N, and 1'^ 30' and 7° 30' Ky light winds 
and fine weather attended by considerable ha/e. From the iMth 
to olvSt, near the Island of Fernando Fo, and at anchor in the 
Fi\y, light winds and fine weather ; while at anchor in this Bay, 
found a greater variation of the temperature between the night 
and dav than any part of the coast 1 had visiled, the range being 
b'^orlO^. ^ 

JaniKn-ify 1822. — 1'lie whole of this month in Sierra Leone 
Liver; the weather in general moderate, but a slight tornado 
two towards tlie middle of it. 

2 li 2 
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Capt. Kelly tm the Temperature of 


[May, 


1820. 


February 1 

83® 
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84 

13 

823 

14 

83 

15 

82? 

16 

Hsl 
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84 

18 

84 

19 

83 
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83f 
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84 i 
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83 

23 

83 

24 

83 

26 

813 

26 

83 

27 

83-^ 

28 

84^- 

29 

84 


3Iean of the niontli . . 
JVlaxiinuni tlierin. <m 
the 9th at 1 p. m. . 86 

Minimum therm, on 
the 1 5th at 8 a. m. , 81 


1821. 

February 1 82® 

2 811 

3 ,81 

4 82 
5 82] 

6 8 S 1 

7 

8 81.1 

9 82i 

10 S3i 

1 1 83 

12 

13 83r; 

14 831 

15 82^1 

16 82;:; 

1 7 83 

18 83 

19 83. i 

20 84 

21 84 

22 84 

23 84 

24 84 

25 84 

20 83? 

27 82 
28 83? 


M can of the month . . 83 

Maximum therm, on 
the Ijit at 1 p. m. . 80 

Aliiiinmm’ therm, on 
the 1st at 8,a. m. . 78 


February y 1820. — Thronohoiit this month, crui/ing between 
the parallels ol’ 4^ a\id C® IS, and 3^ and 6^ U, generally fine 
weather. 

February y 1821. — Nearly the whole of tliis month between the 
parallels oV 2"^ 30' N and the equator, and 8® 30' and 30' K, 
light winds and cloudy, but fine weather throughout. 
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the Coast of Jfrica. 


1820. 1821. 
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March, 1820. — From the 1st to 7tli, in and near Princes 
Island, in general, fine weather, but sometimes squally. From 
tlie 8th to 28th, between the parallels of 2® and 5° 30' N, and 
7® 30' and 2® E ; the remainder of the month on the Gold Coast; 
gcmerally fine wdather ; between the first periods had a few tor- 
nados. 

March, 1821. — From the 1st to 7th, between the parallels' of 
2® N and 1° 21' E, and the Gold Coast, moderate and fine 
weather. From the 8th to 21st, on the Gold Coast, fine weather. 
From the 22d. to 31st, between the ])arallels of 3® 30' and 1° 30' 
N, and 1® and 7® E, moderate and pleasant weather. » 
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Capt. Kellp on the Temperature of 


[May, 


1820. 1821. 
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86 
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77 
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April, 1820. — Fuoin the 1st to 24tb, nuiuiu;^ from the Gold 
Coast to the Island of Ascension, between the coast and equa- 
tor experienced frequent and heavy tornados; and between the 
parallel of 3^ N and the latter had continued and heavy rain. 
Crossed the meridian and equator on the Kith nearly at the 
same time, after which had strong southerly and SSIi winds, 
with cloudy weather, all the way to Ascension. The remainder 
of ‘the month at anchor at Ascension fine weather. 

April, 1^21.— From the 1st to 1 1th, in the vicinity of Princes 
Island, experienced several tornados ; otlierwise had fine wea- 
ther. From the Pith to 20th, running from Princes Island to 
the Gold Coast, experienced frequent and heavy tornados. 
From the 2Lst to 3()th, on the Gold Coast, tine weather, with the 
exception of a tornado at times. 
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M(u/^ LS20. — From the 1st to F>lh, aF iinchor at xVsceiision, 
fine clear weather, i^’orn the 17th to 31.st, running from Ascen- 
sion to Cape Coast Roads. ^V"hile south of* the equator, had 
strong bree/es and cloudy weather. Oil approaching the coast, 
experienced unisettled weather, with rain. 

Mm/^ 1821. — From the 1st to 7th, at anchor in Cape Coast 
Roads, cloudy wcatlier, witli rain occasionally. Fr{)iu tb,e 8th 
to 14th, between the Cold Coast and equator, variable W(;ather, 
sometimes fine, at others rainy. From the loth to 20'tli, between 
the equator and the Island of Ascension. On the 27tli, anchored 
at the latter; fine weather throughout. , 
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Article X. 

On the Height of the Barometer. By M. P. Moyle, Es(|. 

t 

(To the Editor of the Annals of Vhilosophy.) 

DEAR SIR, Jfrhfdu, yljjtH 15, 1825’. 

A ruaJMUi collection of acciirixte haroinclricul observations 
would give us a correct idea of the hciglit of the diiTerc nt places 
where they are kept above the level of the sea, as well as serv- 
ing otlier useful purposes ; but unless every necessary correction 
is made, tliis cannot be obtained. From the few ol)servations 
that I have made on those tables whic.h have appeared in the 
y\?in(tls, this consideration does not seem to luive becai ])roperly 
meditated. It may not, therefore, be una(.‘ceptable to sucli of 
your corres])ondents to make a few remarks on this particular 
])oint, and thereby prove its necessity. 

It is well known tliat mercury expands by heat, and contracts 
on the application of cold. Hence the height of the mercurial 
C(dunm in the barometer is affected not only by the pressure of 
the atmosphere', but by th.e temperature, and the attention of 
meteorologists ought to be more fully drawn to this coiisidora- 
lion to render tlieiv tal)les of the greatest utility. 

The standard temperature for obscuvation is agreed on all 
hands to be 32” of Fahr. ; consG(juently if made at a time when 
the tliermometer stands above or below tliis point, it must ol’ 
necessity indicate a higher or lower range respectively; audio 
prove the extent of error arising from the neglect of this circum- 
stance, let us suppose that the lieight of 30 inches of mercury 
is taken when tlie attached thermometer stands at 72"^; tliis 
would give an excess ahove what it Avould be at 32° of more than 
of an inch from the mere expansion of the mercury. 
i\u wonder then that errors arise in our calculations. 

General Roy found that the expansion of one inch of mercury 
in the barometer tube at 32^^ >vas -000 1 127 ; hencq to reduce the 
observed height of the mercury to what it would be at 32^, 
becomes an easy matter; but for the greater facility, 1 have 
constructed t\ie Ibllowing table, which represents the expansion 
of on^; inch of mercury for its corresponding temperature. It 
extends from 32"^ to loU® beyond which it is not probable that 
any observation will bci iiuide. 

In order to obtain the exact temjmraturc of the mercury, the 
()l)servation should b<^' made by a therinoim.'ter attached to the 
fiiinie of the barometej*, that it may warm and cool along with it. 
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32"^ 

•0UU1127 

02° 

•003-29 10 

92° 

•0004020 

12-2° 
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33 

•0001127 

03 

•0033970 
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04 
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94 

•0000030 
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35 

•0003;170 

05 
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95 
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•0004402 

GO 

•00371 02 

90 

•U0b1?U32 
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•0097 J 02 

37 

•0005()10 

07 

•0038220 

97 

•()069030 
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‘0098040 

3S 

•0000720 

0,S 

•0039270 

98 

•0()70020 
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•0098970 

30 

•0007840 

09 

•0040330 

99 

•0071020 

129 

•0099910 

40 

•0008052 

70 

•0041382 

100 

•0072012 

130 

•0100802 

31 

•0010002 

71 

•0042432 

101 

-0073002 

131 

•0101772 

42 

•0011170 

72 

•0043480 

102 

•007.3990 

132 

•0102700 

13 

•0012270 

73 

•0044520 

103 

•0071970 

133 ■ 

•0103020 

14 

•0013380 

74 

•01)4.5.570 

104 

•0()7.5!!00 

134 

•01045.50 

45 

•0014482 

75 

•0040012 

105 

•0070942 

135 

•0105472 

4f) 

•001.5502 

70 

•0047052 

100 

■0077922 

130 

•0100392 

47 

•0010080 

77 

•0048090 
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•0078<)(){) 

137 

•0107310 

48 

•0017770 

78 

•0049720 

108 

•0079870 

1.38 

•01082-20 
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•001.S870 

79 

•0{)5070’0 

109 

•008()8.50 

139 

•0109140 

50 

•0010902 

80 

•00.51 79*2 

110 

•0081822 

140 

•0110052 

51 

•00210.52 

81 

•0052822 

111 

•0082772 

141 

•0110902 

52 

•0022140 

82 

•0()5:)850 

112 

•0083700 

142 

•0111870 

53 

•0023220 

83 

•0054370 

113 

•0084726 

143 

•0112770 

54 

•0024310 

84 

•0055900 

111 

•0085090 

144 

•0113080 

.'>5 

•0025392 

85 

•0050922 

115 

•0080052 

145 

•0114582 

5() 

•0020472 

80 

•00.57912 

110 

•0087012 

146 

•0115482 

57 

•0027.5.50 

87 

•O058.S0O 

117 

•008,8570 

147 

•01 10380 

58 

•0028020 

88 

•0059970 

118 

•0089520 

14H 

•0117270 

50 

•0029700 

89 

•0000990 

119 

•0090480 

149 

•0118170 

()0 

•0030772 

90 

•0002002 

120 

•0091432 

150 

•01 19002 

61 

•0031842 

91 

•0003012 

121 

•0092380 




There are different ways to calculate iKe correction from this 
table ; the first, and most accurate', is, that of multiplying the 
sum in the table corresponding with the observed temperature 
bv 30, which gives the expansion for 30 inches of mercury. 
Tlien let the c^jsorved height of barometer be 28*420, attached 
lliennometcr 72*^, and we shall have 4348 x 30 = 13044. 
Then 30*13044 : 30 : : 28*420 == 28*20697. 

The second, the one I always adopt, as beingmiore o:jpedi- 
tious, is by multiplying the sum corresponding with the temper- 
ature by the observed lieight of mercury, and then taking it from 
the observed height, viz. 4348 x 28*42 = 1*2357 — ^28*^120 = 
28*20643, differing a mere nothing from the first method.* 

It appears from the Ann. de C’hiin. el Phys. tliat the meteo- 
rological table published monthly in them has the proper correc- 

* The correction obtained by this nictbo(J must be added to or suhiracted trom the 
observed beij^hts, according as tlic teniporaturc is below or above the standard tcmpeia- 
turc, of Tahr. 
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tion made, and that it is marked at nine in the morning, at noon, 
at three in the afternoon, and at nine at night. 

From tlie monthly mean of these heights, it appears that the 
barometer is highest at nine in the morning, next highest at 
nine in the evening, .lower at noon, and lowest of all at tlireo 
in the afternoon. The proper hours, therefore, lor taking th(j 
Jieights of the barometer is nine in the morning, and at three in 
the afternoon. 

The elevation of the barometer above the level of the sea 
ought also to be noted when known ; and if a correction is made 
for it in the results given, it sliould also bo remarked, as some 
meteorologists allow for it, while others are guilty of the 
omission. I am, dear tSir, your humble servant, 

M. P. MoTr.E. 


Article XI. 

Stnne Particulars regarding the Ashmolc.nn Catalogue of Extra- 
neous Fossils^ puljlished in Palin by j\lr. Edward Luid {or 
IJwyd) ; and recommending a Translation of (he same to be 
made and printed. By Mr, John Farey. 

(To tlie Fditor of the Annah of Philosophy 

SIR, IltKclaiuUnlriTf, March *2% 

In pursuance of a design which 1 formed some years ago, of 
collecting as many as possible of tlic published localities oflossil 
shells, and of other organic remains, in some instances, 1 lately 
made an alphabetical arrangement of the 294 places^ to wiiicli 
Mr. Edward Jjnid (or Llvvyd) seems tome to refer, in tlie second 
edition of his descripfive Catalogue of the Asiimolean Museum at 
Oxford, printed in 1760. This book I borrowed of my friends 
JVlessrs. Sowerby, having, after many years inquiry, never 
been able to meet with a copy of it on sale, from whence I 
conclude that it is out of print, and become v^ry scarce and 
dear; which circumstances induce me to request you to give 
inserfion in the Aufials to a few particulars regarding iMr. Luid’s 
workj^ with the hope that the same may excite the attention of 
the collectors of fossil shells, &.c. and prove of some use to them, 
and may lead to the publishing of an Englisli edition of this 
work, by some gentleman connected with llie University ; 
wherein I hope, that the copper plates to Mr. L.'s book are pre- 
served, and might serve for a cheap English edition. 

The specimens of organic remains, &c. mentioned, and briefly 
described, by Mr. Luid, including some sparry substances at the 
beginning, seem about 1800 in number; 1766 of which speci- 
mens are distinguished by a series of fiumbers, and some others 
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arc interpolated, and marked a, 6, r, &c. in addition to the 
number. 

The local index which T have made shows, that 30 places, 
which I shall mention presently, furnished more than one-half 
of the whol(j collection, or 1005 of the specimens enumerated ; 
consisting of 477 fossil shells, and 588 other bodies, mostly 
organized ; the produce, a))parently, of twelve of the assemblages 
ot strata, asc*.ertained by iMr. Vv illiam Smith, and enumeratefl in 
his Geological Table, i'roni the IjO/kJou clatj downwards jto the lias. 

It hence appears, that 25 of the places, among the’most pro- 
ductive of Aslimolean specimens, l*urnishe(l none to the Smithean 
collection, of about 1155 specimens ofsliells, &c. \vhich Mr. S. 
in .June, IHIG, deposited in the /I/vV/.sA A/w.sr// ///.,* whose loca- 
lities, he has partly mentioned in two cpiarto works, Strata 
1 dcuitified,’’ and a “ Stratigraphical System ” (but which works, 
unfortunately, remain unfinished) ; and which localities, as far as 
tliey have been pnldished, are enumerated in alphabetical order, 
iu the “ Philosophicnl Magazine,” vol.5(), j). 271. 

For the purpose of asc(3rtainiiig t/te s/ra/a of the following 
places, I have consulted Mr. Siuith's separate (Geological 
C^ounty Maps,” exce])t as to Lincoln and iVorthampton counties, 
which are not yet (lublishcd, and as to which, I have couvsulted 
his original Geological M ap of Kiigland,” published iu Septem- 
ber, 1815; whicli last w^as accompanied l>y an interesting 

AMernoir,” which has, 1 think, been strangely overlooked, by 
almost every subsequent writer. 

1. f^’rom the Eondou ('lai/, on the N shore of Shoppy Island, 
near Minster, in Kent, 5 shells and, in all, 25 specimens, are 
described by Mr. laiid. 

2. hroni the For! land rochj at Brill, 10 miles W of Aylesbury, 
Fucks, 11 sliells and 2 other specimens. 

3. From the Coral rag and pisoliu*, places ; which, begin- 
ning south-westward in the range of these strata are as follows, 
viz. Faringdon, 13 miles of Abingdon, Berks, 29 shells and 
89 others ; tln^se 118 specimens being the greatest number from 
any one place ; (jarlbrd (or Carvord) 4 miles \V by S of Abing- 
don, Berks, *9 shells and 20 others; Marcham, 2.y mil(?s VV by 
S oi’ Abingdon, Berks, 40 shells and 54 others ; Bessel’s-Leigh 
(or Basie’s L.) 3 miles NW of Abingdon, Berks, l/> sheJls and 
1(J others; Chawley, 4^ miles N by W of Abingdon,^ Berks, 
5 shells and 13 others; and Stanton (St.John’s) 3 miles Nh ot 
(Jxford, 5 shells and 11 other specimens. 

4 . From the Wobnnt sajtd, at 3 j-laces, viz. (4umyer, 4 a miles 
iS^ by VV of AiVbingdon, Berks, (> shells and 10 others; Bulhngton, 
1* luiie SH of Oxford, 28 shells and 28 others; and Stafford 
(jirove, 2 a miles FNE of Oxford, 2 shells and 1 1 other specimens. 

* See vol. xi. p. 361 of the First Seriw of the jinnah, also the Phil. Mag. vol. li. 
p. ISO. The places common to both ct»nectioijs are, Kcllo’.vay.s Ih ; Marsbam; tMicppy 
3.; Stonesfiehl; and Tov.T'*sier. 
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5. From the Cltmch dai/y at 2 places, viz. Oxford city. Sunk 
Fences or Walks, &c. 19 shells and 7 others; and Cowley, i 
mile SSE of Oxford, 41 shells and 27 other specimens. 

G. From Kellowai/s stojic^ at Kelloway’s Bridge (or Calloway 
B.), 2 miles NE of Chippenham, Wilts, l3 shells. 

From the Coryihratiltj at 5 places, viz. Witney, 4 miles NNE 
of Bampton, Oxfordshire, 40* shells and Go others ; Kidlington, 
2 ^ miles SE ofWoodstock, Oxfordshire, 21 shells and 13 others; 
Jslip, 4 miles SE ofWoodstock, Oxfordshire, 13 shells and 13 
others ; Charlton, 3 miles S of Bicester, Oxfordshire, 5 shells 
and 24 others; and Raunds (or Ranee), 3 a miles S of Thrap- 
ston, Northapiptonshire, 10 shells and 10 other specimens. 

8 . From the Forest Marble at Stonesfield (or Stunsfield), 2 a 
miles W ofWoodstock, Oxfordsliire, G shells and 51 other spe- 
cimens. 

0 . FVom the Upper Oolitey at 3 places, viz, Towcestcr (or 
Tocesler), 8 miles iSSW ol' Northampton, 9 shells and G others ; 
Wellingborough, G.V miles S of Kettering, Northampton, 7 shells 
and G others ; and Besborough, 4a miles NW of Kettering, Nor- 
thamptonshire, 8 shells and IG other specimens. 

10. From the Fuller^ ^^’-earthy at Marston Trussel (or Mersion 
T.), II 4 . miles WNW of Kettering, Northamptonshire, 13 shells 
and 11 other specimens. 

11 . From the Under OolitCy at 4 places, viz. Birlip Hill, 5 miles 
FrSE of Gloucester, 9 shells and 4 others.; Barrington (Great ?) 
5 miles E of Northleach, Gloiiccstershirc, 22 shells and 12 others ; 
lepton, A mile W oi* Bui ford, Oxforilshirc, 7 shells and 9 others ; 
and By held, Gj miles SVV^ of Daventry, Northamptonshire, 21 
shells and 3 other specimens. 

12 . From the IJas, at 2 ]>laces, viz. Parton Passage (or Pyr- 
lon P. on the W shore of Severn River), 4 miles SSW of Newn- 
liain, Gloucestershire, 23 shells and 28 others ; and Whitton (on 
S shore of Humber River), 10 miles W of Barton, Lincolnshire, 
28 shells and 1 1 other specimens are desci'ibed, and part of them 
ligured, by ]Mr. Liiid ; 56 of which latter are shells. 

love out of the above 30 places, the least production of shells, 
have furnished Mr. L. with 13 specimens each f all the other 
2G4 j)laces mentioned in his v/ork, gave less numbers than 12 
specimiens each to the Ashmolean collection, except, perhaps, 
some 0 (,f those ^unnamed places, included under the respective 
county names. 

In a new edition of laiid, i beg to suggest that the several 
spechnens Jigured y shotdd be pointed out by a reference to the 
number of the plate or table. The want of these references, and 
the apparently random placing of the figures in the plates, are at 
present very perplexing ; and, lastly, 1 rcnpiest, that an index to 
the several localities may accompany such edition, towards the 
preparing of which, I would gladly lend assistance ; and am. 

Yours, &c. John Fauky. 
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Article XII. 

A Description of the Crystalline Form of some new Minerals. 
•By H. J. Brook(!, Esq. FRSy? FLS. &c. 

(To the Editor of the Annals of Fhilosophy.) 

DEAR SIR, ^ipril 19, 1822. 

II AviNG lately been in an examination of* tlie crys- 

talline forms of mineraLs, and in a few instances of their chemical 
characters, preparatory to a list I have proposed to add to an 
elementary introduction to crystallou;rap}iy, I have observed a 
hnv new results, which form the substance of the following brief 
notices : 

ArfwedHonile. — The benefits which mineralogy has derived 
from tlie laViours of Mr, Arfvvedson have induced me to associate 
Ills name with this mineral, which is from Cireenland, and is 
black and foliated, and has been hitherto called ferriferous 
hornblende. It diilers, however, from hornblend() in its angles, 
its specific gravity, and its hardness. 

I am not aware of its occurrence in determinable crystallino 
forms, it has cleavages parallel to the lateral planes, and to 
both the diagonals of a rhombic prism of 123'^ 55% but there is 
no transverse cleavage to determine whether this prism is right 
or oblique. 

Its colour is black without a shade of green. Its cleav- 
age planes, and its cross fracture, have a greater lustre than 
tliose of am[)hibole, audit is scratched bj ainphibole. 

Specific gravity 3*44. 

It sometimes accompanies the sodalite from (ireenlaud. 

Clcavclandile, — Tlie dlbiiCy and liie siliceous spar of llaussman, 
wdiicli accompanies the green and red tourinaline from CJhester- 
field, in Massachusetts, arc varieties of the same mineral. Two 
diMerent iiamca having been given to this substance, it becomes 
necessary either to adopt one of these to the exclusion of the 
other, or to assign a new one to the species. 

As the alhilc is generally and somelimes rcr/,* its name 

is consequently bad, and si/iceous .spar might be applied with 
(iqual propriety to other substances ; i have, thereXcin^, preferred 
adopting the term C/cavclajidifc to denote the species, out of 
respect to the Professor of Natural Philosophy in Bowdoiu 
College, United States. ^ 

This species lias cleavages in three directions, parallel to the 
planes of a doubly oblirpie prism. 

* The specimen wliicli tirst enabled me to dctcriiiine tlie torm is bright blue, ft 
came from liabrador, and was given me by, the Kev. C. I* l.<atrobe. ]M, Nordeiiskiold 
has favoured me with a specimen wliich is red. 
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iliv*. Brockets Description of thS 

PoiiM 119^ 30' 

PonT lir> 0 

MouT 93 30 

Zojxite is crystallogn^pliically, as well as clie- 
mi<’ally, a distinct species of mineral. It has 
been classed by the Abbe Ilaliy under epidote, 
u mistake into wliich he lias probably fallen from observing 
crystals of epidote apparently forming part of the mass of the 
specimens of zoizite from Carinthia. 

Some specimens of it have been sent to this country from the 
Tyrol under the name of spodumene, and resembling that mineral 
ill colour, and it probably accompanies the true spodumene from 
that locality. 

A mineral called zoizite from the Oural Mountains, which lias 
been examined chemically by Mr. Children, and found to agree 
in its characters w'ith zoizite, has alforded the most accurate 
Tneasurements of the prism. And Mr. Heuland has kindly sup- 
plied me with otlier specimens of this mineral, by means of 
which 1 have been enabled to ascertain that the angles of the* 
jirism are the same in specimens from all the different localities 
in which the mineral occurs. 

Its form is a rhombic prism, probably oblique from an obtuse 
edge, the lateral planes measuring 30', with a bright cleav- 
age plane parallel to the short diagonal o.f tlie prism. 

Arsciiijcrous Phosphate of head. — Thin substance occurs at 
lohangeorgonsladt in yellow liexagonal prisms, the terminal 
edges of which are replaced by single planes. 

It presents crystalline faces after fusion by the blowpipe, as 
phosphate of lead does, and it exhales an abundance of arsenical 
fumes when fused on charcoal. It appears, therefore, to contain 
both arsenic and pliosphoric acids, but 1 cannot find any analy- 
sis of it published. 

I have taken this notice of it for the yjurposc of observing that 
the same species is found also at Bceralston in small yi'llow 
hexagonal prisms, and has been called urseniate of lead ; from 
which, however, it may be readily distinguished by Its crystalline 
character after fusion. 

Cai'donale ()/ Mag?tesia and Iron . — On measuring the angles 
of diffVy ent spi?cimens of the substances which have been culled 
bitter spar, or magnesian carbonate of lime, I have found one 
variety differing in its angle from all the others. This is the 
yellow varipty from the TyiH>l, which occurs in single crystals 
imbedded in talc or chlorite. 

Its form is an obtuse rliomboid, measuring 107^ 30', tlie 
corresponding angle of tlie true bitter spar being 106° 15\ 

On observing this difference in the angle, I dissolv ed a portion 
of the yellow crystals in dilute sulphuric acid, and obtained from 




1823.] CrysialUne Form oj' some new Minerals. 383 

the solution crystals of sulphate of magnesia, tasting, however, 
very strongly of iron. 

There was no residuum except a small quantity of the talc 
which penetrated the fragment I examined,* and the solution 
gave no trace of lime ; the mineral appea/s, therefore, to be a 
carbonate of magnesia and iron. 

Ten grains kept for some time at a red heat lost 4-82, and the 
colour became a snufl-brown. 

Ten grains dissolved in dilute muriatic acid left a sniall inso- 
luble residuum, apparently of the talc in which the mineral is 
imbedded, A few drops of nitric acid being added toperoxidate 
tlio iron, a j)recipitate was obtained by succinate of ammonia, 
which, when washed, and heated to redness, to destroy the suc- 
cinic acid, weighed 1 gr. 

lu’om this experiment, the mineral might consist of 1 atom of 
carbonate of iron, and 9 atoms of carbonate of magnesia. 

For if to the apparent loss by heating 4*820 

we add the increase occasioned by the peroxidation of 
tlu! iron, we shall have the true weight of the matter driven 
olf, 

1 gr. peroxide of iron, equivalent to *815 protoxide, 


difierence 0*185 


5*005 

OM 1 5 ])rotox. of iron requires of carbonIc*acld for saturation 0*500 

0-500 carbonic aead I , . 

If this be carbonic acid 4*505 

1*515 carb. iron it wojild require of magnesia for its 

S*()05 Ciirb. ma<i*. saturation 


*920 Giving carbonate of magnesia. 

If we consider 7*25 as the equivalent fory.arbonate of iron, and 
5*25 as that of carbonate of magnesia, we sJiould have 

7*25 : 5*25 :: 1*315 ; 0*95 nearly 
And 0*95 : 8*(i()5 :: 1 : 9 nearly. 

ihit a more accurate analysis might possibly vary these propor- 
tions. 

Latrobite , — It is to the l\cv. C. T. Latrobe that I am indebted 
for specimens of the mineral to wliich 1 have given this designa- 
tion. And mineralogy is also indebted to him for the researches 
he has himself made, and caused to be made 1>y others, in remote 
districts seldom visited by Furopeans, 

The mineral in question came from Arnitok Island near the^ 
coast of Labrador ; it is accompanied by mica and carbonate of 

Tlie true bitter spar leaves a pulpy resi^luuni of sulphate of linie when dissolved in 
dilute sulphuric acid. 
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lime, and imbedded in a greyish-coloured substance which I 
suppose to be also new to mineralogy. 

The colour ol* latrobite approaches to pink like some of the 
deep coloured varieties of lepidolite. 

Its specific gravity's about 2*8. 

It scratches glass, and is scratched by felspar. 

It has cleavages in three directions, parallel to the lateral and 
terminal planes of a doubly oblique prism, P on M, 98° 30'; 
P on T, 91° ; M on T, 93° 30'. (See the figure already given.) 
The plane parallel to P is very dull, and the measurement 
obtained 1‘rom it not to be coufidentlv relied on ; those parallel 
to M and T afford good reflections, but one of these is brighter 
than the other. 

I send herewith specimens of the arfwedsonite and laLrobite, 
which you will, perhaps, take the trouble to analyze at your 
leisure ; and I remain, yours truly, 

IL J. JillOOKK. 


Article XIII. 

On the Discovery of Acids in Mineral Suhstances, 

By James Smithson, Esep FRS. 

(To the Editor of the Annals of Philosophy,) 

SIR, .Ip til 12, 1823. 

Acids, it is well known, have been repeatedly overlooked in 
mineral substances, and hence dubiousness still hovers over the 
constitution of many, although they have formed the subjects of 
analysis to some of th^^ greatest modern chemists. 

To be able to dissipate all doubts — to ascertain with certainly 
whetlier an acid does or does not exist, and, if one is present, 
its species, and this with such facility that the trial may be inde- 
finitely renewed at pleasure, and made by all, so that none need 
believe but on the testimony of his own experiments, is the 
degree of analytical power which it would be desirable to 
possess. 

So/ar as Pliave gone in these respects, I here impart. 

As the carbonates of soda and of potash precipitate all the 
solutions of earths and metals in acids, so do they decompose 
all their s^lis by fusion with them. Fusion with carbonate of 
soda or potash affords there a general method of separating 
acids from all other matters. 

Lead forms an insoluble compound with all the mineral acids 
except the nitric. It may consequently be immediately known 
whether a mineral does or does not contain an acid element by 
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the carbonate of soda or potash, with which it has been fused 
after saturation by acetous acid, foruiing or not forming a preci- 
pitate with a solution of lead. 

If the production of a precipitate proves the presence of an 
acid, the detenniuatioii of its species will present no great difti- 
culty. ^ ^ 

1. Sulphuric If the alkali which has received it from 

the mineral is fused on charcoal, and then laid in a drop of 
water placed on silver, a spot of sulphiiret of silver will be pro- 
duced, as I have stated on a former occasion.* Bright copper 
will likewise serve for this purpose. 

Fusion in the blue flame will often be sullicicnt to deoxidate 
the sulphur. 

It is needless to observe that the alkali used in this trial must 
itself be perfectly free from sulphuric acid. When such is not 
possessed, its place may be supplied by Rochelle salt, or by cream 
of lavtar. 

2. Muriatic Acid . — I have likewise discovered a test of chlo- 
rine, and consccpieutly of muriatic acid, of delicacy ecpial to the 
foregoing. If any mutter containing chlorine or muriatic acid is 
laid on silver in a drop of solution of yellow sulphate of iron, or 
(d‘ coinmou sulphate of copper, a spot of a black chloride of 
silver, whose colour is independent of light, and which has not 
hi'Cii attended to by ciu;mists, is produced. The chlorine in a 
tear, in saliva, even in milk, maybe thus made evident. When 
the qiiautity of chlorine in a liquor is very small, a bit of sulphate 
of copper placed in it on the silver is jircfi'rablo to a solutiuii. 
To find chlorine in milk, I put some sulphate of copper to it, 
and placed a small piece of bright silver in tlic mixture. 

3. Phosphoric Acid , — The alkali containing it, after satura- 
tion by acetous acid, gives a sulphur-yellow precipitate with 
nitrate of silver, whicli no other acid does. The precipitate 
c»])taiiied wdth lead crystallizes on the blov\|:)ipc. M. Berzelius’s 
elegant method of detecting phosphoric acid is universally 
known. 

4. lioracic Acid . — Its presence in carbonate of magnesia, and 
ill some other pf its compounds, is indicated by the green colour 
they give, during their fusion, to the flame of the lamp. 

M. Gay-'Lussac has observed that a solution of boracic acid in 
an acid changes the colour of turmeric paper to, red, like an 
alkvili.T Borax, to which sulphuric acid has been put, dofes so, 
and the same is of course the case with a bead of soda containing 
boracic acid. 

The most certain test of boracic acid ni a soda bead*, See. is to 
add sulphuric acid to it and then spirit of wine, w hose flame is 
coloured-green, if boracic acid is present. 


*- ^ntinh ojt’ Pt/ilosojjtif/ for yulyt ^S20. 

-|- Annales de Cbimic ct dc Physique, tomexvi. p. T5. ^ 

New Series, \ol. v. 2 c 
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6. Arsenical Acid. — Alkali containing it produces a brick-red 
precipitate with nitrate of silver.* 

6. Chromic Acid. — Chromate of soda and its solution are 
yellow, and so is the precipitate with lead. That with silver is 
red. 

Chromate of soda or potash fused on a plate of clay leaves 
green oxide of chromium. 

Chromate of lead fused on a plate of clay produces a very 
dark-green mass, which is probably chromate of lead ; with an 
addition of lead, it forms a fine red, or orange glass. 

Lead added to the green oxide left by chromate of soda on 
the clay plate, dissolves it, and forms an orange-coloured glass. 

The green oxide of chromium sometimes acts tlie part of tin 
acid. 1 have seen a combination of it with oxide of lead found 
in Siberia, in regular hexagonal prisms, having the six edges of 
the terminal face tnmcatetl (llaiiy, ])1. Ixviii. tig. (io); incltea with 
lead on the clay plate this would undoubtedly produce the 
orange glass ; and fused with nitrate of potasli it would form 
chromate of potash. 

7. JSlolybdic Acid. — If molybdate of soda or potash, or, I 
apprehend, any other molybdate, is heated in a droj) of sulphuric 
acid, the mixture becomes of a most beautiful bin ei colour, either 
immediately, or on cooling. 

The solution of molybdate of soda in sulphuric acid affords 
with martial prussiate of potash, a precipitate of the same colour 
that copper does. Tincture of galls gives with this acid solution 
a green precipitate ; but with an alkaline solution of molybdic 
acid galls produce a fine orange precipitate. If an alkali is put 
to the green precipitate, it becomes orange ; and if an acid to 
the orange precipitate, it becomes green. 

8. Tungstic Acid. — If tungstate of soda is heated with sul- 
phuric acid, the granules of precipitated tungstic acid become 
blue, but not the solution ; and the phenomena cannot be con- 
founded with tliose presented by molybdate of soda. Martial 
prussiate of potash has no effect on this acid licpior. 

Tincture of galls put to the solution of tungstate of soda in 
w^ater does not affect it. On the addition of an acid to this 
mixture, a brown precipitate forms. 

If tungstate of soda is heated to dryness with a drop of muriatic 
acief, a yellow mass is left. On extracting the saline matter by 
water, yellow acid of tungsten remains. It is readily soluble in 
carbonate of soda. If taken wet on the blade of a knife, it soon 
becomes blue. This is made very evident by wiping the blade of 
the knife'with a bit of white paper. Possibly a small remainder 
of muriatic or sulphuric acid among it is required for this effect. 

9. Nitric Arid. — Nitrate of ammonia produces no deflagration 
when filtering peiper, wetted with a solution of it and dried, is 
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burned ; the salt volatilizing before ignition, most, or all, the 
other nitrates deflagrate. 

If metallic copper is put into the solution of a nitrate, sulphu- 
ric acid added, and heat applied, the copper dissolves with effer-- 
vescencc, 

10. Carbonic Acid . — It is to be discovered in the mineral 
itself. The application of heat is, in some cases, required to 
1 tender the eflervesceiice sensible. It has been sometimes over- 
luoked in bodies from want of attention to this circumstance. 

. 11. Silica . — A simple and sullicient test of it is the fdrmation 

of a jelly, when its combination with soda is put into an acid. 

It has evidently not been intend<;d to enumerate all the mcan$ 
by wfliich the presence of each acid in the soda bead* could be 
perceived or established. Little has been said beyond what 
appeared required and suftlcient. 


Mention has been made above of small plates of clay. 

They are formed by extending a winte refractory clay by 
blows with the hammer, between the fold of a piece of paper, 
like gold between skins. The clay and paper, and then cut 
together with scissars into pieces about 4-lOths of an inch long, 
and 27 ]-l 0 ths of an inch wide, and hardened in the fire in a 
tobacco-pipe. 

They arc very useful additions to the blowpipe apparatus. 
They admit the use of a new U^st, oxide of lead. They show to 
great advantage the colours of matters melted with borax, &c. 
Quantities of matter too minute to be tried on the coal, or on the 
plaiina foil, or wire, may be examined on them alone, or with 
fluxes. Copper may be instantly found in gold or silver by fusing 
tlie slightest scrapings of them with a little lead, ike. ike. 

Cut into very small, very acute tidangles, clay afibrds a sub- 
stitute for Saussure's sappare. 


• Article XIV. 

Analyses of Books. • 

♦ 

• 

Narralive of a Jonrnei/ to the Shores of the Polar Sea, in the 
Years 1819, 1820, 1821, and 1822. By John Franklin, Capt. 
RN. FRS. and Commander of the Kxpedition. , With an 
Appendix on various Subjects re/utiug to Science and iSaturuL 
Iliston/, IHust rated btf numerous J* lutes and Maps. P ub- 
Visited bif Aulhorit y of the Right Honourable the Kar! Pathurst, 

T*ie late period of the month at which this most interesting 
work has been submitted to our attention, in conjunction with 

2 c 2 
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other circumstances, compels us to postpone, for the present, 
the regular analysis of it which we purpose to give ; and to con- 
tent ourselves with extracting from the copious Appendix, the 
following observations on the Aurora Borealis, to which subject 
Capt. Franklin’s attention was expressly directed in his Instruc- 
tions. 

Aurora UoreaUs, 

Qeueral Remarks , — So few observations of the Aurora 
Borealis in high northern latitudes have been recorded, that i 
trust a minute account of the various appearances it exhibits, 
wull not be thought superfluous or uninteresting. The remarks 
of the late Lieut. Hood are copied verbatim from his journal. 
They speak sufficiently for themselves, to render any eulogium 
of mine unnecessary. To this excellent and lamented young 
officer, the merit is due of having been, 1 believe, the first who 
ascertained by his observations at liasquiaii-Ilill (combined with 
those of Dr. Richardson at Cumberland House), that the altitud**, 
of the Aurora upon these occasions was far inferior to that 
which had been assigned to it by any former observer. He also, 
by a skilful adaptation of a vernier to the graduated circle of a 
Kater’s compass, enabled himself to read off small deviations of 
the needle, and was the first who satisfactorily proved, by his 
observations at Cumberland House, the important fact of the 
action of the Aurora upon the compass-needle. By his inge- 
nious electrometer invented at Fort Enterprise, he seems also 
to have proved the Aurora to be an electrical phenomenon, or at 
least that it induces a certain unusual state of electricity in the 
atmosphere.’’ 

The observations of Dr. Richardsoiii independent of their 
merit in other respects, point peculiarly to the Aurora being 
formed at no great elevation, and that it is dependent upon cer- 
tain other atmospheric phenomena, such as tlie formation of one 
or other of the various modifications of cirro-stratus.” 

With respect to my own observations, they were principally 
directed to trie effects of the Aurora upon the magnetic needle, 
and the connexion of the amount, &c. of this effect, w ith the 
position and appearance of the Aurora. 1 have been anxious to 
confine myself to a mere detail of facts, without venturing upon 
any theory/ My notes upon the appearances of the Aurora 
coincide witli those of Dr. Richardson, in proving, that that 
phenomenon is frequently seated within the region of the clouds, 
and that it is dependent, in some degree, upon the cloudy state 
of the atmosphere.” 

The manner in which the needle was affected by the Aurora 
will need some description. The motion communicated to it 
was neither sudden nor vibratory. Sometimes it was simulta- 
neous with the formation of arches, prolongation of beams, or 
certain other changes of form, or of activity of the Aurora ; but 
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generally the effect of these phenomena upon the needle was not 
visible immediately, but in about half an liour or an hour, the 
needle had attained its maximum of deviation. From this, its 
return to its former position was very gradual, seldom regaining 
it before the •following morning, and frequently not until the 
afternoon, unless it was expedited by another arch of the Aurora 
operating in a direction different from the former one.'’ 

The bearings of the terminations of the arches are to be 
taken witii considerable allowance. They were estinialed by 
the position of tlie Aurora, with respect to the sides of the 
house, the angles of which had been previously determined. The 
Injarings given in the whole of my observations refer to the mag- 
netic meridian, and arc reckoned from the magnetic north, 
towards the east round the whole circle, which, it is conceived, 
will afford a means of more readily computing the horizontal 
twttuit of the arches.” 

It is to be noticed, tliat the bearings given by Dr. Richard- 
son and Lieut. Hood arc true, and not magnetic.” 

Oh the Aurora Boreal is ^ Cumberland House, Ft traded 
from the Journal (f Ueut, llobert Iloody IIN, — The most mate- 
rial information wo hud obtained at tliis period regarded the 
lieight of the Aurora from the earth. The following is the 
result of the observations that were made at the IVasrpiiau Hill, 
and at the same time by Dr. Richardson at Cumberland House. 
The instruments used Ibr the purpose were two small wooden 
cjuadrauts, revolving on pivots, and furnished with plummets. 
Our chronometers wore previously regulated, though great accu- 
racy was not necessary in this ])articular, as the arches of the 
Aurora are sometimes stationary for many minutes. On the 2d 
of April, the altitude of a brilliant beam was 10'^ 0' 0", at 
(js^ p.iii. at Cumberland House. Fifty-live miles SSW 
it was not visible. As the trees at the latter station rose about 
above the horizon, it may be estimated that the beam was 
not more than seven miles from the earth, and twenty-seven 
from Cumberland House. On the (Jtli of April, the Aurora was, 
for some hour?^ in the zenith at that place, forming a confused 
mass of flashes and beams; and in lat. 53^ 22' 48" iV, long. 
103° 7' 17" W, it appealed in the form of an arch, stationary 
about 9° high, and bearing N by E. It was, therefore, /even 
miles from the earth. On the 7th of A\)ril, the Aurora was again 
in the zenith before 10, p.m. at Cumberland House, and in lat. 
63° 30' 40" N, and long. 102° 31' 41"; the altitude of the 
higliest of tw'o concentric arches at 9*'® p. m. was 9°; fit9‘*S30'", 
it ‘was 11° 30'; and at 10“^ 0"* 0% p.m. 15°0'0'', its centre 
always bearing N by E. During this time, it was between six 
and seven miles from the earth. Alter lU“%p. m. it covered the 
sky at Cumberland House, and passed the zenith at the other 
place.” 

These observations are opposed to the general opinion of 
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meteorologists; they are nevertheless facts. We have sometimes 
seen an attenuated Aurora flashing across 100® of the sky in a 
single second ; a quickness of motion inconsistent with the 
height of sixty or seventy miles, the least of which has hitherto 
been ascribed to it. " This kind of Aurora is not brighter lliuii 
the milky way, and resembles sheet-lightning in its motions.^’ 

“ For the sake of perspicuity, I shall descril3e these\eral parts 
of the Aurora, which I term beams, flashes, and arches. Tlie 
beams a're little conical pencils of light, ranged in parallel lines, 
with their pointed extremities towards tlie earth, generally in 
the direction of the dipping needle. The flashes seem to be 
scattered beams approaching nearer to the eartli, because they 
are similarly shaped, and infinitely larger. I have; called them 
flashes, because their appearance is sudden, and seldom conti- 
nues long. When the Aurora first becomes visible, it is formed 
like a rainbow, the light of which is faint, and the motion of the 
beams uudistinguishablc. It is then in the horiy.on. As it 
approaches the zenitli, it resolves itself at intervals, into beams, 
which, by a cj^uick undulating motion, pi'ojcct themselves into 
wreaths, afterwards fading away, and again brightening, without 
any visible expansion or concentration of matttM*. .Numerous 
flashes attend in diflerent parts of the sky. That this mass, 
from its short distance above the earth, would appear like an 
arch to a person situated at the horizon, may be demonstrated 
by the rules of perspective, supposing its parts to be nearly eijui- 
distant from the earth. An undeniable proof of it, however, 
is afforded by the observations of tlie Ctli and 7th of April, when 
the Aurora which filled the sky at Cumberland House, IVom the 
northern horizon to the zenith, with wreaths, and flashes, assumed 
the shape of arches at some distance to the southward.” 

But the Aurora does not always make its iirst appearance 
as an arch. It someVimes rises from a confused mass of light in 
the east or west, and crosses the sky towards the opposite point, 
exhibiting wreaths of beams, or corona; boreales in its way. An 
arch, also, which is pale and uniform at tlie liorizim, passes the 
zenith without displaying any irregularity or additional brilliancj'^ ; 
and we liave seen three arclies together, very near the northern 
horizon, one of which exhibited beams and even colours, but the 
other two were faint and uniform.” 

On the 7th of April, an arch was visible to the southward, 
exactly similar to that in the north, and it disappeared in fifteen 
minutes. It had probably passed the zenith before sunset. The 
motion oi' the whole body of Aurora is from the northward to 
the southward, at angles nut more than 20® from the magnetic 
meridian. The centres of the arches w ere as often in the mag- 
netic as in the true meridian.” 

The colours do not seem to depend on the presence of any 
luminary, but to be generated by the motion of the beams, and 
then only when that motion is rapid, and the light brilliunt. 
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The lower extremities quiver with a fiery red colour, and tlie 
upper with orange. We once saw violet in the former. The 
number of Aurorae visible in September was two ; in October, 
three; in November, three; in December, five; in January, 
five ; in FobruAry, seven ; in March, sixteen ; in April, fifteen ; 
and in May, eleven. Calm and clear weather was the most 
favourable for observation ; but it is discernible in cloudy wea- 
ther, and through mists. W e could not perceive that it affected 
the weather. The magnetic needle, in the open air, was disturbed 
by the Aurora, whenever it approached the zenith. Its motion 
was not vibratory, as observed by Mr. Dalton ; and this was, 
perhaps, owing to the weight of the card attached to it. It 
moved slowly to the E or VV'^ of the magnetic meridian, and 
seldom recovered its original direction in less than eight or nine 
hours. The greatest extent of its aberration was 45'.’^ 

“ A delicate electrometer, suspended at the height of fifty feet 
from the ground, was never ])erceptibly alfected by the Aurora, 
nor could we distinguish its rustling noise, of which, however, 
such strong testimony has been given to us, that no doubt can 
remain of the fact. Tlie conclusions to be drawn from the 
above will be found in the observations fur the winter of 1820.^' 

( To be continuetU') 


Article XV, 


Proceedings of Philosophical Societies. 

IIOYAL SOCIETY. 

We endeavoured, last month, to gTve a full report of the 
important paper communicated by the President to the Royal 
Society, on the 5th of March ; but writing only from memory, 
vve have made two errors, one willi respect to the rotation of the 
mercury not L«eing stopped, but produced, by the approximation 
of the magnet; the otlier in the historical paragraph in tlie con- 
clusion, which, as we have stated it, is unjust to Mr. Faraday, 
and does not at all convey the sense of the authcf*. We^wisli, 
therefore, to refer our readers forward to the original paper,* when 
it shall be published, for the correction of these mistakes. lultl. 

• 

March 20. — At this meeting the reading of the following 
paper, which had been commenced on the 13th, was resumed 
and concluded. ^ 

Of the Motions of the Eye, in Illustration of the Uses of the 
Muscles of the Orbit. By Charles Bell, Ksq. (Communicated 
by the President.) 
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• In this paper the author enters upon an examination of the 
motions of the eye, and the classitication of the muscles accord- 
ing to their offices. This is done for the purpose of explaining 
the uses of the six nerves which enter into tlie orbit, and in pur- 
suance of his former papers on the nervous system. 

His object in this paper is to show, in the first place, that 
there are motions performed by the eye not hitherto noticed, 
livery time the eyelids descend to cover the transparent part of 
the eye,*. the eyeball ascends, or suffers a revolving motion. If 
this were not the case, the surface of the eye would not be 
moistened, nor freed from olFensive particles. lie proves, in the 
next place^ tiuit when we fall asleep, the eyeball is turned up, 
and the cornea lodges secure and moistened by the tears, under 
cover of the upper eyelid. He shows that these motions are 
rapid and insensible, and that they are provided for the saft^- 
guurd of the eye. The other motions are voluntary, and for the 
purpose of directing the eye to objects. He then proceeds to 
the examination of the muscles of the eyeball, distinguishing 
them, as usual, into the straight and oblique muscles. It has 
been supposed, hitherto, that both tliese classes of muscles were 
voluntary ; some describing the oblique muscles as coadjutors of 
the recti, and others as opponents to the recti ; but Mr. Hell 
maintains that the obliqul arc provided for the insensible motions 
of the eyeball, and the recti for those motions which are directed 
by the will, and of which we are conscious. 

He proceeds to show, that the consciousness of the action of 
the recti muscles, gives us the conception of the place or relation 
of objects. He then proves by observation and experiment, that 
the actions of tlie straight muscles are inseparably connected 
with the activity of the retina ; that is, with the enjoyment of the 
sense of vision : but that the moment the vision is unexercisecl, 
the eyeball is given up to the operation of the oblique muscles, 
and the ])upil is consequently drawn up under the eyelid. 
Hence, the eyes are elevated in sleep, in faintness, and on the 
approach of death ; and that distortion which we compassionate 
as the expression of agony, is the consequence merely of 
approaching insensibility. 

Having examined the different motions of the eye and eyelids, 
and the muscles which are appropriated to them, the author pro- 
misesyiii the second part of the paper, to explain on this founda- 
tion, the distinction in the uses of the nerves of the orbit. 

The Society then adjourned, in consequence of the approach- 
ing fast and festival, to meet again on 

April 10, when the following paper was read : An Account of 
an Apparatus on a peculiar Construction, for the Exhibition of 
Electromagnetic Experiments. By W, If. Pepys, Esq. ERS. 

This apparatus, constructed at the London Institution, under 
the direction of the author, consists of two plates, the one of 
copper, and the other of zinc, each two feet wide, and 50 feet 
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long, giving a total surface of 200 square feet. These plates 
are wrapped or coiled round a common centre, and are prevented 
from contact with each other by the interposition of three cords 
of hair line, and also of notched slips of w^ood placed at intervals. 
Two conductors of copper wire, nearly tlfree-fourths of an inch 
in diameter, are attached, one to the zinc, and the other to the 
copper plate. In order that so large a mass may be readily 
employed for experiment, the apparatus is suspended by means 
of pulleys and a counterpoise, and so let down into a tub of acid, 
or, when not in use, into one of water. It requires 55 gallons of 
fluid. 

This instrument exhibits very powerful magnetic effects : 
wlien the contact was made, a ciiange in the direction of com- 
pass needles was produced, at the distance of live feet ; steel 
bars enclosed in cylinders of glass, with a spiral of wire roiuid 
them, were rendered magnetic, and several were suspended 
together ; when the contact was broken, the bars fell, but one 
of them was immediately taken up again on restoring the contact, 
though it weighed above 270 grains. The electric intensity of 
the apparatus is very slight ; it has not any decomposing action^ 
and will not make a spark with charcoal, nor will it deflagrate 
the metals. 

A paper was also road. On the Condensation of several Gases 
into Li({uids. By M. Faraday, Chemical Assistant in the Royal 
Institution. (Communicated by the President.) 

In this paper, Mr. Faraday described the results obtained by 
the application of the mode of condensation by which be had 
succeeded in liquefying chlorine, and Sir II. Davy muriatic acid 
gas, to several other aeriform bodies. 

A portion of sulphuric acid being heated with mercury at one 
end of a sealed glass tube, white the other was kept cool by 
moistened bibulous paper, the sulp/tarous acid gas^ which was 
evolved, condensed into a liquid in the cool end : the same result 
was obtained by forcing the dry gas into an exhausted tube with 
a condensing syringe, until its pressure became equal to three 
or four atmospheres. When the sealed tube was broken, the 
liquid expaiid^ed into pure sulphurous acid gas. The refracti\'e 
])Ovver of liquid sulphurous acid is nearly that of water ; the pres- 
sure exerted by its vapour in the tube was determined, by means 
of a mercurial guage, to be equal to two atmospheres. JLiquid 
sulphuretted hydrogen was produced in the following manner: 
The small and closed leg of a bent tube was filled with muriatic 
acid ; a piece of platinum foil, crumpled up, was aiext intro- 
duced ; and then some fragments of sulphuret of iron ; the pla- 
tinum foil being interposed in order to prevent the two substances 
from contact until the tube was sealed, which operation would 
otherwise have been rendered ineffectual by the pressure of the 
evolved gas. When this had been done, the acid was made to 
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flow upon the sulphuret, and, in space of 24 hours, protomuriate 
of iron, and liquid sulphuretted hydrogen, were formed. When 
the tube was broken, under water, a portion of the eas which 
arose was collected, and found to be pure sulphuretted hydrogen, 
with which, also, the«water was found to be impregnated. Sul- 
phuric ether, when compared with this liquid, appeared adhesive 
and oily ; the pressure which its vapour exerts, in the tube, is 
equal to 13 atmospheres, at 32^ F. .Liquid carbonic acid was 
produced in a similar manner, by means of sulphuric acid and 
carbonate of ammonia; but the strongest tubes were required 
for its formation, and tubes which had contained it for several 
weeks, often exploded with great violence upon a slight change 
of temperature. It was necessary to use a glass mask, goglers, 
&c. in the whole of these experiments ; and some of them were 
attended with much risk to the author. The refractive power 
of liquid carbonic acid is much less than that of water ; the pres- 
sure exerted by its vapour is ecjual to 40 atmospheres at about 
46®. Puchlorine was liquefied, by its evolution, in a sealed tube, 
from chlorate of potash and sulphuric acid ; in this state, it is of 
a deep-yellow colour, and quite transparent. 

Some nitrate of ammonia, previously rendered as dry as pos- 
sible by being heated to partial decomposition, was heated in a 
closed tube ; and the results w ere, liquid nitrous oxide and water : 
the two fluids did not mix, or but in a slight degree. The refrac- 
tive power of liquid nitrous oxide is lower than that of any of these 
fluids, and lower, indeed, than that of any other known liquid. 
Its vapour exerts a pressure equal to 48 atmospheres at 60®. 
Liquid cyanogen was formed by heating cyanuret of mercury ; 
when the tube w as broken, it became pure cyanogen gas. 

The liquefaction of ammoniacal gas was effected by heating a 
portion of chloride of silver which had absorbed a large quantity 
of it, according to JV property of this and of other chlorides 
formerly ascertained by the author. In this experiment, a 
curious combination of effects took place ; as the tube cooled, 
the chloride began to re-absorb the ammonia, by the solidification 
of which, heat was liberated ; while, at the distance only of a 
few inches, at the opposite end of the tube, cold’was produced 
by the consequent evaporation of the liquid. At 60®, the whole 
of tike ammonia became re-absorbed. The refractive power of 
liquid ammonia exceeds that of any other liquid described in 
this paper, and is even greater than that of water. Liquid 
muriatic acid, when the substances from which it is prepared are 
pure, is colourless, as Sir H. Davy had anticipated : its refrac- 
tive power is nearly that of liquid carbonic acid. 

All these liquids, with the exception of chlorine and euchlo- 
rine, are colourless ; all are perfectly transparent, and highly 
fluid, and remain so at all temperatures to which they have been 
subjected ; none of them exhibiting the least tendency to adhe- 
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siveness at 0^. Experiments had been made, with a view to the 
liquefaction of oxygen, hydrogen, pliosphnretted hydrogen, fluo^ 
silicic, and fluo-boracic gases, but these substances had hitherto 
resisted all powers of condensation that the author had been able 
to apply to them. With respect to the latter gas, this seemed 
to arise from its great affinity for sulphuric acid, as discovered by 
Ur. J. Davy, which is so great, that it even carries up that acid 
with it, in the form of vapour. Mr. Faraday intimated, however, 
that he should proceed with these experiments. , 

GEOLOGICAL. SOCIETY. 

April 4. — Two notices were read on a Recent Ligneous Petri- 
faction. By the Rev. J. J, Conybeare, MClS. 

A notice was also rc^ad, respecting a Mass of Quartzose Fer- 
ruginous Sandstone, occurring in the Limestone near Bristol. 
R>y Ceorge Cumberland, l^sq. Hon. MCbS. 

April 18. — A letter was read, containing A Description of 
Two New Species of Encrinus found in the Mountain Lime- 
stone near Bristol.” By the same. 

A letter was also read, On the Geology of Pulo JNias, an 
Island on the Western Side of Sumatra.^' By Dr. Jack. (Com- 
luunicatcd by IT. Colebrooke, Esq. MGS.) 

A paper wais read, )n the Geology and Geography of 
Sumatra, and some of the adjacent Islands.” By Dr. Jack. 
(Communicated by II. T. Colebrooke, Esq. MGS.) 

ASTRONOMICAL SOCIETY. 

April 11, — A letter was read from M. Pastorff to the late 
[^resident, on a Photosphere observed at Buckholts, iu Germany, 
round V’^enus, Jujuter, and Saturn. 

At the same meeting was read, an Extract of a Letter from 
M, Littrow, Director of the Imperial Observatory at Vienna, to 
the Foreign Secretary, relative to the Cause of certain Discre- 
pancies in Astronomical Observations ; on the Construction of 
Instruments, and on Correction for Refraction. 


Article XVI. 

SCIENTIFIC INTELLTGIiNCE, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. , 

I. Alkanet as a Test, 

Dr. Robert Hare, of Philadelphia, finds that the colour of alkanet 
may be used instead of litmus, producing the same phenomena, but in 
a reversed order; for the alkanet infusion is made blue by an alkali, 
and restored by an acid, instead of bc^ing, as in the case of litmus, red- 
dened by an acid, and restored by an alkali. Thus as the one is indi- 



396 ' Scientific Intelligence. [May', 

rectly a test for alkalies, sb is the other for acids. Wlien infusion of 
alkar.et is made blue for the latter purpose, the smallest quantity of 
alkali should be used that is adequate to the effect, in order to preserve 
the delicacy of the test. — (American Journal.) 

II. Analysis of the Allkerat Waters qfCarhhad. By M. Berzelius, 

These waters deposit a calcareous tufa, of a striated crystalline tex- 
ture, which possesses all the characters of arragonite. Prof. Stro- 
wieyePs discovery, that arragonite always contains strontian, induced 
M. Berzelius to search for iliat earth in this tufa, and in the waters by 
which it is deposited; and he lias succeeded in finding a small quantity 
of it in both. The following is the general result of his analysis of the 
waters of the principal spring, called the SprudsL 
In 1000 parts of the water, there are of 


Sulphate of soda 2 /5871 4* 

Carbonate of ditto 1*2.52(X) 

Muriate of ditto P04S9‘1 

Carbonate of lime 0*8 1219 

Piuatc of ditto 0*00881 

Phosphate of ditto 0*0001 9 

Carbonate of strontian 0*00097 

Carbonate of magnesia 01 822 1 

Phosphate of alumina 0*00084 

Carbonate of iron 0*00424 

Silica 0*07504 


5*46656 

With traces of carbonate of manganese. — (Ann. de Chim. ct de 
Phys. xxi. 246.) 

III. Foihergillinn Prize Medal to be given by the Medical Society of 
I^ondon^ Polt-coiirt^ Fleet-street , 

In conformity with the will of the late Dr. Anthony Fothergill, tlie 
Society resolve to give annually to the author of tl'.c best dissertation on 
a subject j^roposed by them, a gold medal, value 20 guineas, culled the 

Fothergillian medal, for which the learned of all countries arc 
invited as candidates. 

1. Each dissertation offered for this prize must be delivered to the 
Registrar in the Latin or English language, on or before the 81st day 
of December. 

2. Witli it must he delivered a sealed packet, w’itli seme motto or 
device.on the outside ; and within, the author’s name and designation; 
and the same motto or device must be put on the dissertation, that 
the Society may know how to address the successful candidate. 

8. No paper in .the hand-writing of the author, or with his name 
affixed can be received ; and if the author of any paper shall disco v(>r 
himself to the Committee of Papers, or to any member thereof, such 
paper will be excluded from all competition for the medal. 

4. The prize essay will be read before the Society, at the meeting 
preceding the Anniversary Meeting of the Society, in March, 1824. 

5. The prize medal will be presented to the successful candidate, or 
lus substitute, at the Anniversary Meeting of tlie Society. 
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6. All the dissertations, the successful one excepted, ^ill, if desired, 
be returned with the sealed packets unopened. 

One dissertation only on the subject “ Dropsy,** proposed by the 
Society for the Pothergillian medal, to have been adjudged in March, 
1 823, having been presented, the Society thinking it probable that from 
tlic recent establishment of the prize, it had not been sufficiently made 
known to the medical fitculty, hav'e deferred the adjudication of the 
prize for the best dissertation on the subject of ‘‘ Dropsy,'^ to another 
year. 

The subject of the Essay for the gold prize of the ensuing year is 

Diseases of the Spine.” 


Article XVII, 

NEW SCIENTIFIC BOOKS. 


PREPARING FOR PUBLICATION. 

Mr. Goldsworthy Gurney is about to publish a Series of Lectures on 
the Elements of Chemical Science, lately delivered at the Surrey 
institution. 

Mr. Oliver has in the press, Popular Observations on Muscular 
(Contraction, with a Mode ofTreatmeut of Diseases of Limbs associated 
therewith. 

In the press, a Translation of De Humboldt’s Geognostical Essay 
on the Superposition of Rocks. 

Dr. Antoni march i, formerly Professor of Anatomy in the University 
of Pisa, and Surgeon to the late Ex-Einperor at St. Helena, is publish- 
ing an Anatomical Work, to be comprised in 80 Plates, representing 
the whole Structure of the Human Body, except the Integuments, in 
Figures of the natural Size. An explanatory and descriptive Sketch 
will he added to every Plate in which the multiplicity of figures might 
otherwise create confusion. The Work is edited by M. le Comte de 
Lasteyrie. 

Mrs. Holderness is employed on a Work on New Russia, being some 
Account of the Colonization of that Country, and of the Manners and 
Customs of the Colonists. 


JUST PUBLISHED. 


A Journal of a Voyage to the Northern Whale Fishery, including 
Researches and Discoveries on the Eastern Coast of West Greenlanc^ 
made in the Summer of 1S22, in the Ship Baffin, of Liverpool. 'By W. 
Scoresby, Jun. FRSE. Commander. With 8 Plates. 8vo. 165. 

Dendrologia Britannica, or Trees and Shrubs tliat will live in the 
open Air of Britain throughout the Year. By P. W. Watson. Royal 
8vo. Parts I. to IV. 4*5. (ScL each. Each Number contains 8 coloured 


Engravings. 

Hortus Cantabrigiensis, or an Accented Catalogue of I lants, Indi- 
genous and Exotic, cultivated in the Cambridge Botanic Garden. By 
the late J. Donn, FLH. and FHS. Tenth Edition, with numerous 
(Corrections and Additions, by John Lindley, FLS. &c. 6vo. 105. Sc/. 
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Elements of Experimental Chemistry. By William Henry, MD. 
FRS. &c. The Ninth Edition, greatly enlarged and recomposed 
throughout. Illustrated with 10 Plates by Lowry, and numerous 
Woocf-cuts. In 2 Vols, 8vo. IL 14*^. 

Narrative of a Journey from the Shores of Hudson’s Bay to the 
Mouth of the Copper Mine River, and thence along the Coast of the 
Polar Sea, Szc, By Capt. John Franklin, RN. Commander of the 
Expedition. With an Appendix containing Subjects of Natural His- 
tory, &c. by J. Richardson, MD. Surgeoii to the Expedition, and 
others. Illustrated by 4- Maps, 8 Plates of Natural History, and 2 t 
Engravings by Finden, from Drawings by IJeuts. Back and Hood. 
4to. 47. 4.?. 

Among the new productions at the present Leipzig Fair, is the first 
Volume of MM. Martin and Spix^s Travels in Brazil, during the Years 
1817, 1818, J819, and 1820 ; with an Atlas, in imperial Folio, of 1.5 
Lithographic Plates of Portraits, Views, (jcological and Botanical 
Charts, &:c. This Volume contains their Travels though Rio Janeiro, 
St. Paul, Minas Geraes, Goyaz, Bahia, &c. 

Also: — AnimaliaNova qua; initincre jussu etauspiciis Max. Jos.Bav. 
Regis per Brazilium suscepto observavit, etdepingi curavit Dr. Joannes 
tie 8pix, 39 Plates. 

Plantae Novae qua3 in Itincre jussu et auspiciis Max. Jos. Bav. Regis 
suscepto observavit, ct depingi curavit. Dr. Carolus dc Martin. 100 
l^lates. 

The Naturalist’s Repository, or Monthly Miscellany of Exotic 
Natural History, consisting of elegantly coloured Plates, with appro- 
priate scientific and general Descriptions of the most curious, scarce, 
and beautiful Productions of Nature that have been recently discovered 
in various Parts of the World. By E. Donovan, FLS, &c. 


ARTICI.E XVIII. 

.NEW PATENTS. 

J, Taylor, of Ravem-row, Mile End, Middlesex, master mariner, for 
a new method of constructing the bottoms of merchant-ships, and 
placing the pumps so as to prevent damage to the cargoes by the bilge- 
water. — Jan. 16. 

J. Smith, of Old Broad-street, merchant, for certain improvements 
on a machine for washing, cleansing, and whitening cotton, linen, silk, 
and w.pollen garments, or piece goods. — Jan. 20. 

W. Glossage, of Leamington Priors, Warwickshire, chemist and 
druggist, for a portable alarum, to be attached to, and detached from, 
clocks and watches, and which may be regulated to take effect at any 
given period of time. — Feb. 1 1. 

N. Partridge, of Bowbridge, near Stroud, Gloucestershire, dyer, for 
improvements in the setting or fixing of steam-boilers or other coppers, 
by which a considerable saving of fuel will be effected, and the smoke 
more effectually consumed. — Feb. 14*. 

T. Fuller, of Bath, Somersetshire, coach -builder, for an improvement 
in the construction of shafts, and the mode of attaching them to two- 
wheeled carriages. — Feb. 18. 
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Article XIX. 

METEOROLOGICAL TABLE. 


' 1 

ilAKOMKTKn. 

T II ER MOMET Eft, * 


Dunieirs hyg, 
Raui. • at noon* 

Wind. 

Max. ]Min. 

lilax. j 

Min. 

Evap. j 

3d Mon, 

March 1 N W 30* 1 '2,30 03 

45 

31 



Q W 

30* 1 1 ;35>-83 

48 

30 

— 

04 

3, W 

29'83|29-I5 

.51 

38 

— 

04 

4M Wj 

29 55 '29 44 

48 

37 

— 


5;n w 

!‘29 88l'29-5.) 

45 

33 1 

— 


O'iN w 

29-8 8, '29' 5 7 

40 

24 I 

— 


7\s E 

29-57i29l9 

39 

31 

— - 

— 

8N wii><;-27i‘2f}i;j| 

43 

30 



.0 N I 

■29 «Si':9-27l 

4t 

2() 



lois F-i 

;'29-8l'29-77 

14 

31 

— 

26 

niN w 

|3019 29 84 

48 

32 

— 


i‘2;Nr w 

I30-35:3019 

48 

30 

— 


13 S W 

;;30-3.j!3()-33 

62 

32 

— 


14 S W j30*.50 :30*3:j 

62 

38 

•95 

06 

15! N 

30-55 30-50 

60 

30 

— 


Hi! N 

,30-53 30-25 

48 

32 

1 — 

06 

17iN \V '30*^J6 ‘2t)\97 

62 

38 

1 — 

— 

18'N \v 

'‘-29-,97 

50 

30 

— 

HE 

jp isr w 

\‘Hy93 c’y-sy 

40 


— 

— 

2():s w 

|v\9*S9,^?5E49 

50 

' 36 

^ — 

40 

21 S ■Wl‘2<F4yl29-‘20 

52 

40 

— 

07 

22iS ■W;2.9-<j9;2y-2() 

65 

40 


oi 

23 N Wj3'o-28|29-()<) 

48 

35 

— 


24 E 

130-39 30-28 

55 

33 

— 


23 E • 

|30-28 30-22 

4() 

35 

— 


26' N E 

-l;o-22 30-15 

44 

39 

— 


- 27 N 

|30- 15 30-14 

44 

32 

— 

• 

28 E 

;30-17 30-14 

52 

38 

— 

4 

9 

29 E 

130-14 30-12 

61 

39 

— 


30; E 

30 22|30-12 

63 

1 38 

— 

07 

31 N W 

''30-22, '30-16 

58 

i 

•80 




()3 

1 

i 1-73 

Il-17 


Tile observMtions in c;uh line of the table apply to a i^crio*! of twtnty-frur hours, 
beginning at \) A. ]>!. on the tlay indicated in the llrat culum ). A dtah dtno^es tliat 
the result is included in the next following observation. 
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RKMARKS. 


Tflird — 1. Fine. 2. Cloudy. 3. Drizzlint; rain : a furious gale of wind 

fxODl the NW all night. 4. The wind continued to blow' with great violence all day. 
4 , Fine, 6. Cloudy: bleak. 7. Snowy. 8. Cloudy. 9. Fine. 10. Kain. 
11, 12. Fine, ’ 13 — 15. Cloudy. 16. Fme. 17. Cloudy. 18. Drizzly. 19. Snowy 
morning : very cold wind NE in the night. 20. Snow in the morning : afternoon 
rainy: a lunar halo in the evening. 21. Drizzly. 22. Overcast. 23— -26. Cloudy. 
27. Cloudy: night foggy. 28* Cloudy and fine. 29. Cloudy. 30, 31. Fine, 


RESULTS. 

Winds: IJ, 4; NE, I 5 E, 6; SE, 2; SW, 5 ; W,2; NM% 12. 


Barometer : Mean height 

For the month. 20-952 inches. 

For the lunar period, ending the 4th. 29*07 6 

For 15 days, ending the 12th Cmoon south) 29*078 

For 13 days, ending the 25th (moon north) 30 019 

Thermometer; Mean height 

For the month * 41*258® 

For the lunar period 38*933 

For 29 days, the sun in Pisces 39*133 

r 

Evaporation. ••• f 1*75 in. 

Rain «... 1*17 


Laboratory^ Stratford^ JF(mr4h Months 22, 1823. 


R. HOWARD. 



ANNALS 


OP 


PHILOSOPHY. 


junk, 1823 . 


Article I. 

A new and east/ Method of ascertaining the Degree of TemperU’^ 
inre at trhich Wafer is at its Maximttnt J)cnsi/j/, l>y ]\Tr. 
James Cricht()n. 

(To tlui Editor of ilio Anna/s of Phi/osojdu/,) 


SIR, Mu]! i?, 

IIa viN(t lately been much eagau:ed iu deteiiuiiuiitj the sperlfu* 
;j;ravities of certain fluids, by means of iKl,nisted balls of t>lass, 
and being satislied that for simplicity and accuracy, no nujthod 
whatever is nearly so good; 1 was led to think, that another 
important point c^oiild thereby with greater certainty be ascer- 
tained, than by any mode yet udoj)ted. This is to determine the 
temperature atVhlch water attains its maximum density. 

Of /all who have hitherto attemptenl to decide this ipiestion, 
whether British or foreign philosophers, no one seems to sneak 
with the precision which might be desirable, of the degree at 
which the phenomenon takes place. The Tiench say it is 
between 4 and o of Celsius, thus admitting an uncertainty of 
about 2^ of Fahrenheit ; some in our own country think it is at 
39, wdiile others place it at 40, 

Any person who is aware of the many sources of error, and 
of the vague nature of the recpiisite compensations, w ill not won- 
der at this indecision ; the ditllcnlty alone, of maintaining an 
uniform temperature, tliroiighout. a large or deep body of water 
is very considerable ; hence the bulkiness of the solid used V>y 
Series^ v<.>i . \ . 2 n 
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the French lor tills purpose, having been a cylinder nine inches 
in diameter, and of the same height, must have rendered it a 
matter of unconiiiKjn difficulty in the quantity of water neces- 
sary. Whether this uniformity existed, at the moment of its 
greatest apparent gravity, may admit of some d.oubt, howcvea* 
carefully and constantly tlie thermometer may have been 
observed ; besides, air-lmbbles, vvliich it would be almost impos- 
sible to see or remove, might have coiisideiably increased tlie 
buoyancy of tlie suspended solid. To estimate the compensa- 
tions for expansion, in the above-mentioned method, is perplex- 
ing, and for the mode by tlie weighing bottle is still more so; but 
to ascertain the quantity of hygrometric humidity, which pro- 
fusely and rapidly fixes on the exterior surface of a bottle, at so 
low a temperature as 40, is perhaps from several causes imprac- 
ticable. A hope of being able to assist in obviating those embar- 
rassments, induces me to present a new method of determining 
this point. 

Having fr(‘quciitlv observed that a very small alteration 
temperature in a tinid, destroyed tile precise ]Kiise of a solid in 
that Hnid, and that an extremely minute incKiuse or diminution 
of gravity in the solid, has a similar ettect ; it was easy to per- 
ceive, that if w ater is of a certain gravity just above freezing, and 
that if it become heavier; with an increase ol‘ temperature, before 
it reach, say for example, 50, then it is manifest, that at so/nc 
included degree, w'ater must of ne.ccssity poise, or sustain, a ball 
or solid of greater specifii* gravity, titan it w ill do at any other 
point ill the supposed interval. 

My first attempt to ascertain this point, evinced, that a ball 
which was just poised, at about dd, bad the same property near 
51 ; this gave 42 for the point of greatest density, taking the 
half of the intervening degrees us additive to d3, or the reverse 
from 51, since all authorities seem to agree, that the expansion 
is the same for equal intervals of temperature, on both sides of 
the maximum. 

It may be supposed, that to adapt a ball of the greatest pos- 
sible specific gravity which water can sustain at its greatest 
gravity, would 1)0 the next endeavour ; it was, but so infinitely 
little is the variation of the gravity of water, fur about a half 
degVee on e,dhfcr side of the maximum point, that although I 
havf^, more than once, diminished the gravity of balls wliicli 
were too heavy, by a quantity so minute, as not to amount to 
the GOOOth part of a grain, or just as little as I could by any 
means gi»ind off, still, on trial at the proper range of tempera- 
tures, it w^as found that the mark had always been overshot. 
This then was relinquished as a hopeless task. 

As it had not how^ever escaped notice in the course of these 
experiments, that the furtiier the temperature of water was 
removed from that of tlie greatest gravity, the ball rose, or fell, 
with celerity just commensurate to the number of degrees which 
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the existing temperature was above, or below, that of the desi- 
derated degree : this, therefore, affords some idea of the 
approach to, or retrocession from, the temperature in question ; 
but there is a better, and perhaps conclusiye proof of its place in 
tlic scale, which I shall now describe. 

I took a glass jar, 2 inches in diameter, and in depth ; into 
tliis was put distilled water U> the depth of 2.;, inches, and cooled 
down to near the freezing point, but carefully prevented from 
i.ongealing, as the disengagement of air-bubbles from *the ice, 
when lluidity took jdace, would have frustrated the experiment; 
into this was put a ball, previously well wiped with^a silken’*^' 
c loth, and immediately, by means of a clean hook of glass, lifted, 
blit not rapidly, twice or thrice out of the water; this cleared it 
of any uir-bubbles, which though imperceptible^ might have 
been adheiing to its surface. The ball now fell to the bottom of 
the jar, whicli as usual was convex, but bad a small flat surface 
on the summit, to which the ball was led, and therc^ it rested. 
In the water there were suspended two very accurate and sensi- 
ble thermometers, the bulbs being at the niiddhi ol'the water as 
to dej)th, and just so far removed from its diametrical centre, us 
not to be in the path ol‘ the bull w hen it rose. 

In these circumstances, the lower end of the ball was care- 
I’ully watched with a larg’(‘. reading glass, and at the moment of 
its quitting the bottom of tin* jar, the thermometers were exa- 
mined, and the degree noted ; when the ball had risen about 
one-lburlh of an iindi a small r(->d was cautiously let down, and 
without agitating the water, gently made to touch tlie ball ; it of 
course descended, but instantly rose ; this is a veay delicate part 
of the experiment, and if overdone loses its etfeet. It was fre- 
quently repeated, and the ball always reascended with accele- 
rated velocity. 

"idle thennoineters indicating an increasing temperature, tlie 
ball finally became stationary at the surface of the water ; from 
time to time it was slightly tijuched as before, but in proportion 
as the temperature rose beyond a certain point, the tendency of 
the ball to asiicmd, after these strokes, obviously diminislied, 
judging by the velocity with which it did so ; its upper extre- 
mity, •when examined with the inagnilier, plainly seemed, to 
press as it were more and more feebly on the su/face of. the 
water, till at last, a fine thread of separation b(*caine visible ; the 
degree by the thermmneters was again marked, and as they con- 
tinued slowdy to rise, the ball gradually fell to the bottoni of the 
jar. 

From many similar exj)eriments I Iiave concluded that 42 is 
extremely near the true point of the greatest density of water ; 
my most satisfactory trials never gave 13-lOths of a degree less 

** In an expeiinienlofsiuli delicacy, this must be attended to, as linen never fails ta 
leave fibres on whatever is wiped with it ; tlicse will detain air cinaigh to render tlie 
t»Torlrs of the e^l^e^inivritt•v in thi*} abortive. 

2 n 2 
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nor more, but at present, I am rather inclined to place it a very 
little above 42 ; a trial 1 made in very favourable circumstances 
a few days ago, gave for the first appearance of the rising of a 
ball 37*5, and for th^t of its sinking 40-3, these make the point 
in question 41*9; the local temperature was 4(r8,'^but the baro- 
meter having been at only 29*4, the above 41 *9 may be held 
perhaps too low. These experiments were made with balls 
adapted^ to all the intervals from 33 — 51 to 39 — 45, yielding 
however great uniformity of results. 

As I cannot anticipate what objections, or if any, can ho made 
to this me,thod of ascertaining a curious and not unimportant 
point, I shall allude to one only ; that is error from expansion of 
the ball, and consequent increase of its volume ; but as the 
whole range required does not exceed 4® or 5^, on either side of 
a starting point, and though it were granted that the expansion 
of glass is the same for 4° a!)Out temperature 42, as it is for 180^', 
that is from freezing to boiling of water, as det^nmined by M. de 
Luc and others, the expansion for these 4° must be so extremely 
little, as not by any means to affect the decision in any consi- 
derable part of a degree. 

But were the expansion of glass in the above range even ten 
times what it is, still it must in effect be cancelled, for taking42 
as the point where this expansion in the present case must be 
assumed as incipient, and granting that at say 33, a ball just held 
in poise has become less, that is //e//r/6v* specifically, some degree 
above 33, for example 34, where water is denser, must really be 
what the ball virtually indicates; again, if at 51 the same ball 
poises, then by a parity of reasoning the ball is now said to be 
increased in volume beyond what it was at 42, or it is too highly 
therefore it must indicate too high a degree, or it rea/li/ shows 
that the ball, supposing it inexpansible, would have stood at a 
loiver degree or denser medium, which cull for instance 51) ; so 
that by the one extreme thus correcting the other, the conclusion 
to be arawn is the same as in the case of altogether neglecting 
the expansion. 

The low temperature of the atmosphere whan these experi- 
ments were made, gave confidence that no current upward or 
dov/nward moved the water; besides, a few very minute ))arti- 
clea of dust', just visible in different parts of it, remained entirely 
motionless during the whole operation. 

My first trials on this subject were made with spherical balls, 
half an jnch in diameter, liaving a depending stalk of about an 
equal length ; but to obviate the possibility of error from dissi- 
milarity of the extremities, I latterly used solids resembling in 
shape a buoy or parabolic spindle, sharp at the ends, of about an 
inch in length and 4-lOths in diameter. This shape gave anotlicr 
apparent advantage, that is of meeting less resistance than a 
sphere w hen moving in a fluid, and in order to ensure perpendi- 
cularity of the axis, before such a ball was heniittically scaled, a 
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snmll globule of mercury was introduced, which perfectly 
answers that purpose. 

As the momentum of an ascending ball is very apt to cause its 
upper exliemily to rise above the water, and however free of 
any thing unctuous, it will there remain too long, a slight tap or 
blow by a small hammer, on the under side of the .table, will 
obviate this incident. 

In coolmg water for such experiments, it ought to be kept as 
still ns possible; ngitntion to jirueuve iinifonuity ol‘ temperature 
. ijiis a had elfect hy clr<u’gitej; it with air ; bubbles may'settle on 
tlu^ ball dmiiig the (axperiineiii , and must he cdosely watched for, 
ic-s their eitbr‘1 may be apprehmuled, if detected occasionally using* 
through the water. Knouimg* the dc<*rees at which a ball miglil 
be exjieclcd to rise or fall, 1 iiavc frequently lifted it to the sur- 
face of the water a short time before, in order to free it of any 
thing* whicli though imperceptible might have alfected its gra- 
\it.y. TJic thermometers W(;re sometimes placed one at the top, 
and the other at the bottom of the vessel, in order to ascertain 
beyond doubt the temperatures at the initial points, or the 
extremes of the above-mentioned intervals. 

When it w as considered how uncertaiu the indications niiglit 
liavc b(H*n, hud 1 succectled in adjusting* a ball to seeming ecpii- 
libriiim at the maximum gruvily, r>wing to the minute variations 
luuir that jiuiut, there v;as little cause for regretting my failure, 
^‘specially when the method by varied extents of intervals seems 
so •^^itisfactorv ; still, since writing the above, another eHbrt was 
made, when the* followdng appearances took place. 

Water in the jar being m?ar 42, and the ball as seen by the 
nuked eye in apparent equilibrio, it was observed with the read- 
ing glass as seen over a slight scratch on the side of the jar; it 
Wiis then very slowly descending ; having two or three times 
breathed on the ])avt of the jar nearest the ball, the consecpient 
<limness was removed by a camel hair brusli, but before this 
could he done an<l the cye-odass applied, the ball liad decidedly 
begun to ascend, whicli it continued to do for a few seconds, 
urul after a momentary pause again begun to fall. This W'as 
repCiUted sevoral times, the thermometer meanwhile ranging 
from 42 to 42*6 ; from tliis and other circumstances, I with due 
defe»‘ence incline to think, tliat 42*3 is very near the true point 
in the scale of temperature, where the maximum density of water 
takes place. 1 ji this last trial it may not be improper to men- 
tion, that the increment of weight producing the approximating 
elf'ect, was a mere speck of leaf gold, attached to the side of the 
ball by means of spirit-varnish, and fixed by applying a mode- 
rate heat. 

Having thus given an explicit account of these experiments, 
apology on my part for having too minutely done so, will be 
deemed quite unnecessary by any one who repeats them. I 
shall only add, that the tlicinioinctcrs having been made pur- 
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posely for the experiment, I have perfect reliance on their indi- 
cations. The smallness of the apparatus and its extreme sim- 

E licity, render the determination of the point wherever it is to 
e placed, a very plain matter. This 1 submit to those who isvo 
capable of availing themselves of the means it affords, and who 
Hie qualified for appreciating its powers. 

James Cuicuton. 


Article II. 

On a Salt composed of Sulfdiioic Acid, Peroxide oj' Iron, and 
Annnonia. lly Dr. Forchharnnicr. 

(To the Editor of the A}i)iah of Philosophi/,') 

DEAR SIR, CojH'nha^rn^ 

Having prepared a solution of gold by means of nitric acid 
and muriate of ainnionia, and precij)itated the gold by protosiil- 
phatc of iron, in order to determine whether any further por- 
tion of gold might be obtiiiiied by evaporation, tlie solution was 
concentrated to the consistcuice of a syrup, and sutfered to 
remain for a month, when beautiful ocf ohedral crystals of a wine 
yellow colour were formed on the sides, of the vessel. It first 
occurred to me that this salt might be a peculiar compound of 
sulphuric acid and peroxide of iron ; but 1 soon discovered that 
it also contained ammonia, and that it ’was an alum in which 
peroxide of iron supplied tlie place of alumina. 

This salt is soluble in aljoul three times its weiglit of water al^ 
60^, and, by repeated crystallization, it may be obtained per- 
fectly colourless ; thu regular octohedron is the most usual form 
of this salt, and although the cubo-octohedron sometimes occurs, 
I never obtained any perfect cubes. 

Fifty parts of this salt were dissolved in winter, and ])reci|)i" 
tated by nitrate of barytes, oO’dd of sulphate ijf barytes were 
obtained, containing 17-21)8 of sulplmiic acid == 84*o96 per 
cent.* 

CTne hundred parts of tlie salt were dissolved in vrater, and 
deedmposed by ammonia, the precipitate was digested during 2A 
hours in a solution of soda, and this, upon the addition of muriabi 
of ammonia, deposited sliglit traces of alumina, wdiich increased 
by ebullifliou, and weighed, when dry, 0 26 part. In another 
experiment, from GO parts of the salt, ()-l9 of alumina was 
obtained. The oxide of iron after being redissolved in muriatic 

* In this and the following r,dculation«, the proportions are j^iven from i^erzeUu.s’^ 
tables (Stockholm, I81S). If the more simple numbers of Dr. Thomson are adopted, 
the result diffcis very little from that deduced from JkTzclius’a mmibcrs. 
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acid and preci'oitated by ammonia weighed in the first experi- 
ment 16'37. l^Vom 50 parts of the salt in two subsecjnent expe- 
riments, I obtained 8*32 and 8*2, the mean of which is 8*233 = 

] 6-47 per cent. Fifty parts of the salt were exposed for three 
days to a temperature near that of boiling water ; when 
weighed, they had lost 21*74 i=: 43*48 per cent.; the ‘remaining 
powder was readily dissolved in water, excepting a very small 
qmuitity of a brownish-red substance. 

1 found great dilhculty in ascertaining the exact quantity of am- 
'monia contained in this salt. I dissolved 100 parts in water, added 
caustic potash to the solution, and subjected it to distillation, so 
as to pass the vapour into a solution of nitrate of lead*; although 
the subnilrate thus precipitated by ammonia is nearly insoluljje 
in a solution of iicutreil nitrate of lead ; it is, however, soluble 
ill water, and when 1 washed the filter on which it. W' as collected, 
it almoifct entirely disappeared. 1 attempted to expose these 
solutions of the subnitrate to the action ot carbonic acid, which 
decomposes the subnitrate into carbonate and neutral nitrate, 
and then the quantity of carbonate of lead would be proportional 
to the quantity of ammonia passed through a neutral solution of 
the nitrate ; this nif4hod did not, however, succeed much 
lietter, nor w as nitrate of mercury employed with much greater 
advantage. At length on comparing the numbers for sulphuric 
acid and oxide of iron, 1 found that if I considered the persul- 
phate to be composed, according to the proportions indicated 
by llerzelius as constituting what he terms sulphas ferricum, one- 
fourth of the sulphuric acid remained imcoinbined with oxide, 
and, I conceive, this quantity to be combined with ammonia. 

One hundred and fifty parts of the salt were dissolved in 
w^ater in a flask, and mixed witli potash sufficient to decom- 
pose the whole ; a glass tube was adapted to the flask, and 
immersed into a solution of 50 parts of the salt in question; the 
mixture in the flask w^as boiled for half an hour, and every pve- 
laiution was taken to ])rcvont the escape of any ammonia. At 
the close of the ex])eriment, tiie solution through wdiich the 
ammonia liad passed w as colourless ; it slightly restored the 
blue colour of reddened litmus paper, but this efl’ect did not take 
place unless the paper remained for some time in the solution ; 
the preci'^itate had a yellowish colour indicating anadmixt«ic of 
subpersn phate of iron w ith the peroxide ; the solution and pre- 
cipitate were heated in a close vessel for 24 hours to a temper- 
ature of about 100® ; the yellow colour of the precipitate had 
now disappeared, and it seemed to be pure peroxide afiron; the 
alkali of the solution was also so perfectly expelled that it did 
not produce any i^lfcet upon reddened litmus paper ; but w hcit 
mixed with a redd<umd solution of litmus, a very slight trace of 
alkali was discoverable. 

4"he oxide of iron was w aslieduintil the water passing through 
the filler ceased to aflect the solution of nitrate of barytes ; the 
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oxide was afterwards dissolved in muriatic acid, and again tried 
with nitrate of barytes, which occasioned a degree of turbidness 
that indicated rather more sulphuric acid than would have been 
required to saturate the very slight trace of alkali. 

It was thus proved by direct experiments that , three parts of 
suHhuric acid are combined with peroxide of iron and one part 
wit -1 ammonia ; it is extremely probable that the excess of 
sulphuric acid in the last experiment is derived from some per- 
sulphate, of iron uncombined with ammonia, and upon this also 
depends the yellow colour, and this, as already mentioned, may* 
be removed by r^eated crystallization, a little subsulphate 
being deposited. The salt which I have now described is com- 
posed of 

Persulphate of iron 41*807 comp, of 2o*337 acid^- 16*470 oxide 
Sulph. of ammonia 12*366 8*649 acid 4- 3*717 amm. 

Sulphate of alumina 0*870 0*610 acid 4- 00*260 alum. 

55*043 

Although the quantity of w ater contained in the salt appeared, 
as already stated, to be 43*48 per cent, by direct experiment, yet 
it is well known to be difficult to deprive a salt of all the water, 
unless it be heated to redness, which the nature of this salt 
w’ould not admit of. If w e assume the ammonia or the sulphuric 
acid combined w ith it to be one atom, 23 atoms of water will sup- 
ply the loss in the analysis, for it would amount to 44*947, and 
the loss is 44*467, It is, however, to be observed, that the esti- 
mate of 23 atoms of water would agree with the analysis of the 
salt, upon the supposition that the whole q.uantity of sulphuric 
acid belongs to it ; but this is not the case ; for it contains some 
persulphate of iron which is not combined with ammonia, and 
w’hich is not united with the same proportion of water as the 
triple salt. 

On closely examining the crystals, I observed that they efflo- 
resce slightly, and become brown on the surface. In order to 
decide the question, I employed Dr. Thomson's method of cal- 
culating the exact quantity of nitrate of barytes necessary to 
decompose the whole of the sulphate of ammonia and iron. ^ On 
the s»u;3positiou that it contains 24 atoms of water, 11*83 parts 
of sulpjiate of iron and ammonia w^ould exactly decompose 13*0(> 
of nitrate of barytes, and if only 23 atoms of water, then 11*61 
of the triple salt would be required to decompose the same 
(juantity uf the nitrate. The crystals employed in this experi- 
ment were rendered perfectly colourless by repeated crystalliza- 
tion, and wdien decomposing such a portion of them by means 
of that quantity of nitrate of barytes wffiich indicates the prcsenct; 
of 24 atoms of w*ater, 1 found so little sulphuric acid remaining 
unacted upon, that when more nitrate of barytes was added no 
turbidness was occasioned for several minutes. This slight 
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excess of acid was, perhaps, owing to the presence of the small 
quantity of sulphate of alumina, for this salt contains more suU 
phuric acid than the triple salt, and no allowance was made in 
the calculation for the excess. 

If, therefore, we neglect the alumina, the composition of the 
salt in question will be • 


Persulphate of iron 41-95 

Sulphate of ammonia 12*11 

Water 45*94 


100-00 

I conceive that the salt which Mr. Cooper c4)tained by- 
dissolving the oxide of iron precipitated from the pernitrate by 
ammonia in sulphuric acid, is similar to that of which 1 have 
now given tlie analysis. The quantities of sulpliuric acid and 
juuoxide of iron are nearly in similar proportions ; the greater 
([uantity of water which he assigns may be accounted for by the 
aiimionia having been included with it. 

As the results dc-ducible from this analysis seem to agree so 
w'cll with M, Mitscherlich’s idea, that peroxide of iron and alumina 
are isomorphous, and afford additional proof of the correctness 
of his views, I w as more particularly anxious to determine the 
(juantity of water, with as much accuracy as possible. For 
although the crystals of alum belong to the formes limifes of 
llaiiy, which may occur in cryst-als of very different substances ; 
vet if in two such compouud salts there exists a close analogy 
between their component parts and their form, it deserves atten- 
tion ; and on this account I subjected alum formed of sulphate of 
alumina, sulphate of ammonia, and water, to analysis. One 
hundred parts of this amnioniacal alum were dissolved in water,, 
and decomposed by nitrate of barytes ; the sulphate obtained 
weighed l()4-4(i = 35-90 of sulphuric acjd ; a like quantity of 
the same alum dccom|)Osed by ammonia gave 1 1*24 of aluinma. 
From the known composition of sulphate of alumina, it is evi- 
<Ient that one-fourth of this sulphuric acid is not combined with 
alumina, and it must, therefore, be united with the ammonia, 
and on this supposition, the composition of amnioniacal alum 


will, be: 

Sulphuric acid 1^5*90 • 

Alumina. 11*50 • 

Ammonia :>8() 

51*^^0 

Water and loss 48*74 


100*00 

Making sulphuric acid the basis of the calculation, and on 
account of the great weight of -the sulphate of barytes the errors 
of experiment are diminished, we find that 24 atoms of water 
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are equal to 48*68, ap;reeing with the above result as nearly as 
could be expected. This proportion of water was confirmed by 
mixing 1 1*16 y)arts of the alum with a solution of 13*06 of nitrate 
of barytes, which are tlie proportions required by calculation on 
the supposition that the salt contains 24 atoms of, water ; there 
was a slight excess of sulphuric acid, but the addition of nitrate 
of barytes did not occasion any turbidness for some minutes. 

This alum is, therefore, composed of three atoms of sulphate of 
alumina,, one atom of sulphate of ammonia, and 24 atoms of 
water; and the triple salt now descrilyed consists of 3 atoms 
of persulphate of iron, I atom of sulphate of ammonia, and 
24 atoms of water ; or if we adopt the number assigned by' 
Dr. Thomson to peroxide of iron, 1 atom of tripersulphate of 
iron, 1 of sulphate of ammonia, and 24 atoms of water. 


Article III. 

On Claty Slate for lioad^making. By Mr. W. Stokes, 

(To the Editor ofThe Annah of Philosopht/.) 

SIR, lit/ rrourf’-itt reefy Duhlitu 

In many parts of Ireland is found a species of clay slate which 
answers remarkably well for road-making. Tliis clay slate may 
be described as follows ; 

It occurs massive ; colour of the fresh fracture, a dark bluish- 
grey. The colour of that which has been exposed to the air is 
a brownish-red. Lustre, in some places, greasy ; in some exhi- 
biting brilliant points a few places have a blistered appearance. 
The fracture undulating, slaty; yields readily to the Knife ; it 
t'eels slightly greasy'^ ; opaque ; specific gravity, 2*6. Before the 
blowpipe, it melts into a greenish slug. 

The advantages whicli this stone possesses as a road material 
are remarkable, and might seem inconsistent w ere they not veri- 
fied by experience. 

Although easily broken it does not form light dust so as to 
rise whh the* wind; it is not readily worked into mud by car- 
riage wheels or the feet of cattle, although roads made of other 
species of clay slate are very liable to tliis defect. Roads formed 
ot this peculiar clay slatci have an agreeable smoothness under 
the horse V: feet, and seldom exhibit projecting stones ; neith(‘r 
ilo they'' throw out loose stones, which is a common defect of 
our limestone roads. They preserve their evenness in decay 
remarkably, continuing smooth when only an inch of gravel re- 
mains on the surface ; they are so porous that even thougli they 
have lost their central elevation, water does not rest on them. 
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The material is not favourable to the growth of grass, which is 
another advantage ; roads of common clay slate and of limestone 
are often edged by a grassy bank, which, if it be not frequently 
removed, confines the water, and so forms a water-course on the 
road. Garden walks of this material are durable and conve- 
nient, being tut little overrun with weeds, but it must be con- 
fessed they have a sombre appearance. 

The districts in which this material is employed are in the 
county of Down, between Downpatrick and Ballynahinch, Bal- 
lynahinch and Clough Banbridge andTandaragee, and between 
Belfast and Bangor; in the county of Armagh, Market Hill and 
Armagli, and from Armagh to Castle Blayney, in tlm county of 
Monaghan. In the south of Ireland, between Waterford and 
Boss. 

The stone from Dunmeniss, near Ballynahinch,, being submit- 
ted to analysis in the usual manner, viz. by fusing it with an 
alkali, yielded the following constituents : 


tSilica 

Alumina 

Lime . , 

Magnesia 

Oxide of iron 

AV ater 

Charcoal and manganese 

Loss. 


59-4 

17-4 

21 

2-2 

\Uy 

6-4 

Trace 

0-9 


100-0 

William Stokks. 


Article IV. 

OLsarvaliofts on Gas T.ight .Esf(ihli,shmcnts, with an Accoiud of 
some Experunents made to determine the cotnparative explosive 
Force of Cnrharctted JJt/drogen Gas and Gunpowder. By Sir 
William Congreve, Bart. FHS. Sec.* 

4biK first observation that arises on taking a general view of 
the gas works in the metropolis, is the immense extent to which 
they have now been carried since the year 1814, when there was 
only one gasometer of 14,000 cubic feet in existence in Peter- 
street, Westminster, belonging to the chartered company, as they 
Mere termed; the only company then established. \V hereas, 
at present, there are four great public companies established, 
having, altogetlier, 47 gasometers at work, capable of contain- 

* Fnnn Roi)orts on tins Li^ht KsUiblishniciits. Ordcml to be printed by tiie llou&e 
of ( oininons, IMarrb ‘iO. 
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ing, in tlie whole, 917,940 cubic feet of gas, supplied by 
retorts ; these retorts consuming upwards of 33,000 chaldrons 
of coal ill the year, and producing upwards of 41,000 chaldrons 
of coke. The whole quantity of gas generated annually lieing 
upwards of 397,000,1)00 cubic feet, by which 61 ,203 private, and 
7,268 public or street lamps are now liglited in t*he metropolis. 
In addition to these great companies, who are the subject of 
this Report, as being placed by legislative enactment under the 
control of the ISccretavy of Slate, tliere are in the metropolis 
several private companies, whose operations are not included in 
the foregoing statements ; but on w hich I shall feel it right to 
make some remarks before I conclude. 

In Table, No. 8,'^' will be seen the details of all the above- 
mentioned totals ; the following consideration of which w ill, 1 
think, point out the importance of tlius having collected thcsii 
particulars into a single point of view^ as tending to regulate tlie 
just price which ought to be charged to the public for tlie gas 
rhey <!onsume ; and, at the same time, by the general comjiara- 
tive view thus obtained of the whole system, as tending to indiK'e 
every company to adopt the best mode of conducting its works. 
Presuming, and believing, as I do, in tlie correctness of tlie 
particulars of information given me by the diflerent conqranies, as 
to the quantity of coal consumed in their retorts, and the average 
workings of those retorts during the year; it appears, by a 
review' of these totals, either that the average consumption of 
gas per lamp, allowing for waste, is not so great as is gcaieially 
stated ; or that the quantity of gas generated from a chaldron of 
coals, is greater; or that the average times v.hicli tlH^so lamj)s 
are allow'ed to remain lighted, is not so great as reported ; for if 
the consumption or W'aste of gas W'ere equal to what is gerierally 
believed, or the quantity produced were not greater,. J jiud that 
the number of lamps returned could not have been liglited for 
the times stated. 

The general statement made by the companies of the con- 
sumptiou of gas for each lamp, is five cubic feet per hour ; and 
that of the produce of gas per chaldron, something less tlian 
12,000 cubic feet per chaldron ; now allowing full* 12,000 cubic 
feet per chaldron to be generated, it appears that the average 
consumption of gas per lamp in the hour by the London Com- 
pany, tfoes fiot exceed four cubic feet and a half; nor is the 
average time of burning, winter and summer, for private lamps, 
more than four hours ; or for public lamps, more than nine hours, 
which is below the supposed average. 

By Table, No. 8, it also appears that in the City of London 
Gas Works, the consumption of gas per lamp, allowing the saim? 
time of burning, is six cubic feet and a half per hour, instead of 
four, as above stated. It is evident, therefore, that there exists 

♦ For this table, as well as other ptirticulurs, we must reler the reiitler to 

the original report. — lutU, 
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a waste of gas in these works, which is avoided by thd London 
Company ; and, indeed, this waste is admitted at the works, and 
even stated at a higher rate than it thus appears to be. 

The various and important checks, therefore, that may thus 
be obtained, show the necessity of these general investigations, 
and of the calculations arising out of them. I shall,* therefore, 
ill future Reports, cause a still more detailed survey of them to 
1)0 made than has in the commencement of the present system 
of inspection been hitherto practicable. 

By tlius determining the actual consumption and waste of 
to each lamp, together with the expense of generating* it, allow- 
ing for wear and tear and outlay of capital, which miv^t also form 
the subject of future surveys, more in detail, a just estimate, not; 
only of the actual cost of the gas to each company, but of its 
real value, supposing the best system to be adopted, may thus 
b(^ made with a view to a fair regulation of prices, and to such 
other measures as the legislature may think fit to enact for the 
furtlier proceedings of tliis great public coiiccni. 

It might have V)een imagined that the enormous quantity of 
coal thus shown to be consumed in the generation of gas, would 
have greatly enhanced the price and increased the quantity of 
coals brought into the port of London since the introduction of 
the gas-light system ; this, however, has not been the case ; on 
the contrary, the increase in either of these is inconsiderable,, 
owing to the compensation arising from the quantity of the 
snrj>lus of coke jjroduced. 

'I he quantity of coke generated, in the first instance, is at the 
rate of 120 or 130 chaldrons for every 100 chaldrons of coal rar- 
l)Oiuzed ; of this quantity, about 20 per cent, is consumed in the 
furnaces under the retorts, in the process of carbonization ; the 
whole of that ojieration being now etlccted by the coke produced 
•m the spot, without any addition of coal, whatever ; deducting, 
therefore, 20 per cent, from the increased measurement of coke 
procbiced, there remains, in measurement, ne-arly, or y)erhaps 
rather more than the same quantity of surplus disposable coke 
to be applied as fuel in the metropolis, as of coal used in the 
process ; so lhat the coke seems nearly to amount to a coinpen- 
satioii for the c.oul as fuel. But were the enhanced price of coal 
greater than it is, it could scarcely be doubted, that, as ques- 
tion of economy, there would be a very considerable public sav- 
ing arising out of this system, when the value of the light thus 
produced were set against this increased price ; and certain itis^ 
that some parts of the population of this metropolis afe peculiarly 
benefitled by it. The poor have, by this means, access to a veiy 
serviceable find, at a comparatively moderate price ; the coke 
being now sold by the companies at from 20s, to 30.^. per chal- 
dron ; and the fire produced from it being, in all respects, ade- 
quate to the necessities of Urn lower orders. 
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The small rise in the price of coals, and the great fall in that 
of oil, may indeed be considered as a sort of measure of the 
saving to the public that has arisen from this application of coal; 
nevertheless there may be many very important considerations 
both of external and internal policy, which may render it very 
desirable that the government should give every possible encou- 
ragement to the use of the gas produced from oil. Not only our 
distant tisheries seem to point to the expediency of this policy, 
viewed as a principal nursery for seamen (which from the fore- 
going statement of the little increase in the consumption of coal, 
evidently receives no viid from the use of the coal gas) but the 
encouragement of our coast tisheries, as an additional means of 
subsistence for an increased population, renders it expedient that 
the utmost encouragement should be given to this mode of aug- 
menting the cQnsuinption of oil ; nor can it be doubted, that if 
such enhanced demand could be created for the description of 
oil that would thus be required, it would form a most powerful 
stimulus to the coast fisheries. 

Thus far very little progress has been made in the extension 
of the use of oil gas in the metropolis since my last Report ; I 
shall, however, state some particulars respecting this part c>f the 
subject at the conclusion of the present Report. 

It is satisfactory to observe, that although considerable exten- 
sions have been made in this mode of lighting the town during 
the last year, no serious accident has happened : the only one 
indeed which deserves mentioning is that which occurred in the 
vaults under the Opera House, of which I transmitted a particu- 
lar account at the time. 

It is also satisfactory to observe, thaf very consideralde 
improvements have been made in some of tlie processes in the 
different works, as well in the mode of setting the retorts as in 
that of charging them ; and that some of the probable causes of 
mischief stated in my first Report have been removed ; among 
which I may state, that the practice of making use of the coal 
tar in the tanks, for floating the gasometers, has been entirely 
discontinued. 

Most of the new gasometers which have been lately erected 
are uncovered ; by w hich means the probability of accident by 
the lei>kage of the gas into the gasometer houses is obviated; 
and thp only ‘objection that existed to making this a general 
practice (namely, the effect of the wind or snow in disturbing or 
increasing the pressure of the gasometer when exposed) is pro- 
posed to be got rid of by the addition of a vSinall regulating 
gasometer, Irom which the mains are immediately fed. 

Another very great improvement in the mode of conducting 
these works has been introduced in the evaporation under the 
retorts of the lime water, by which the gas is purified. By this 
means a great nuisance has been obviated which used to exist 
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in allowing tins lime water to run into the sewers, by which a 
very offensive smell was produced in the neighbourhood, and a 
very deleterious matter conveyed into the Thames. 

This mode of disposing of the lime water was first introduced 
by the superintendant of the Brick* lane station, and will I doubt 
not be very generally adopted, as this water is prohibited from 
passing into the sewers after tlie 15th February, in consequence 
of a jnosecution carried on by the City of London against the 
Borset-street Company. 

Another mode of getting rid of this lime water has been expe- 
rimented ; viz. the purification of the gas by dry lime, which is 
ubout to be adopted in Borsot-street, in preference to tlie com- 
mon mode of passing it through lime water. 

Considerable improvements have iilso been made during this 
year in the quantity of gas produced from a given quantity of 
coal, which, as far as it tends to reduce the cost of the gas, not 
only renders a beiieiit to the public, but an increased advantage 
to the companies, in whose well-doing the public cannot but be 
interested, since this mode of lighting the town has now become 
so general, and is unquestionably attended with so many advan- 
tages to the metropolis, not only as relates to the convenience 
of the inhabitants, but to their security as a matter of police. 
Tliis increased produce of gas has been accomplished by various 
means, such as the improvements in the mode of setting the 
retorts, in the use of a better coal, in the application of a certain 
quantity of the coal tar mixed with the coal in the retort. 

A new description of retort, called the Graftonian retort, from 
the name of its inventor, has also been introduced, with the hope 
of further economy by the increased production of gas. This 
retort is made of tire brick instead of iron, and it is supposed 
that it will be found much more durable than the iron retort, and 
capable also of sustaining a greater intensity of heat, so as to 
render the distillation of the coal more perfect. 

Other experiments have been mvide with a view to this same 
olqect, by the engineer of the Imperial Company, who has 
invented a retort, which is to be gradually fed with the coal from 
a hopper, so ns to make the destruction of the material to be 
carboni'/ed still more coinplido. Mr. Clegg seems to anticipate, 
fron\ the experiments whii*h he has tried, that he should be 
enabled by this means to destroy both the tar anfl ainmo^niacal 
liquor produced in the ordinary modes. He also calculates, that 
by these means the quantity of gas produced will be increased 
to 1(),(K)0 or 18,000 cubic feet per chaldron, and that it will more- 
over be of a superior quality, so as to give considerably more 
light in proportion to the ([uantity burned. It would certainly 
be very desirable to gtd rid, as much as possible, ot the difierent 
products resulting in the distillation, excepting the coke, as 
some of them do not pay for their removal, and are liable, there- 
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fore, to be left for some time on the premises, so as to become 
more or less nuisances to the public. 

At present the system is far from perfect in any respect. It 
is hoped, therefore, that every possible encouragement will bo 
given by the different coni'^anies to that description of investi- 
gation and experiment calculated to promote improvement, 
although no immediate profit may result to the companies. 

It is also very desirable, that when any improvement is rea- 
lized by any particular company, that it should be generally 
adopted by the rest ; and by the due exertion of this spirit, 1 
have but little doubt that a great degree of perfection, both as 
to convenience and security, may be looked for at no distant 
period. 

Great care, however, is unquestionably re quisite, and there 
are certain points, tlie observance oi‘ which by the different 
companies is so essential, that any indifference or neglect as to 
them must be vigilantly prevented ; for it must be obvious that 
the vast accumulation of inflammable gas necessary to carry on 
this mode of illumination, in its present extended state, must be 
attended with more or less risk, according to the conduct of 
those employed. To explain, therefore, somewhat more defi- 
nitely than has hitherto been done, the nature and extent of this 
risk, I have caused the following experiments to be tried at 
Woolwich since my last Report, with a view to bring the explo- 
sive forces of different mixtures of carburetted hydrogen ami 
atmospheric air into a comparison with gunpowder. 

The results are as follow : — ’J'he following mixture was fired 
from a cylinder constructed for this purpose, to project a ball 
weighing 7 lbs. 2 oz. ; the cylinder being suspended by a pen- 
dulum, to measure the degrees of recoil. 


First experiment. 

Carburetted hydrogeui 288‘ 
cubic inches, and 1,440 
cubic inches of common 
air, being in the propor- 
tion of one-sixth of hy- 
drogen to five-sixths of 
atmospheric air, were 
fired. , 

Gunpowder (8 drachms) 'v Average 
was found to produce > of the 
nearly the same effect. J bull. 


Ranged the ball, 
on an average 
ofthree rounds. 


j 

) 


Feet. * 


Vvciagc recoil 
of 


94 04" 


/ / 04 


It apjDears, therefore, that mixed in this proportion, viz. one- 
sixth of carburetted hydrogen to five-sixths of common air, ime 
cubic foot of this gas would be ecpial to three ounces of gunpow- 
der ; that 480 cubic feet are, therefore, equal to one barrel ; and 
that the contents of one gasometer of 15,000 cubic feet arc 
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equal to 31 barrels. Fifteen such gasometers, therefore (the 
mimber in Peter-street), would, with this mixture, produce a 
force equal to that of 466 barrels of gunpowder. 

A second experiment was subsequently made with a greater 
proportion of the carburetted hydrogen. 


Second experiment. 

346 cubic inches of carbu-"^ 
retted hydrogen, and | 
1,382 cubic inches of* 
common air, being one- 
fifth to four-fifths were 
fired. 

16 drachms of gunpowder^ 
wer(5 found to produce > 
nearly the same effects. J 


Average of three 
rounds with the 
same ball. 


) 


I3itto, ditto. 


Feet. [Recoil of cyHn- 
' der. 


158 7G° 


113 74 


One cubic foot, therefore, of gas, mixed in this proportion, 
would give an explosive force equal to five ounces of gunpow- 
iler, or 288 cubic 1‘eet equal to one barrel ; one gasometer, there- 
fore, of 15,000 cubic fet t so mixed, would be equal to 62 bar- 
rels and a quarter, and 16 such gasometers to 783 barrels and 
lliree-tjuarters of gunpowder. 

For the mere purpose of determining the risk of large accumu- 
lations of carburetted hydrogen gas, it was evidently unneces- 
sary to try any further ex})erlment8, since it was thus proved, 
111 at if by any accident the contents of one of the gasometers in 
l^eter-street w ere to be supposed to have escaped into the gaso- 
meter-house, so as to form a mixture with tlie surrounding 
atmosphere, in the proportion of one-lifth of gas, an explosive 
mixture would be created equal to upwards of 50 barrels of guii- 
j^ow’der ; aud that if the contents of the whole of the gasometers 
at this station could be supposed to have c'seaped in like man- 
ner, an explosive force ecj^ual at least to 700 barrels might be 
(MCiated ; and that on the same primajile, the entire leakage of 
one of tlie large gasometers of 39,000 cubic feet in Dorset-street, 
might prodiice, 5 in explosive mixture equal to about 136 barrels 
ol* gunpowder. 

it i« true, that in the ordinary condition of the carburetted 
hydrogen (aintained in the gasometers, it is not explosive*; It 
w'auts the admixture with common atmospheric air to make it 
so ; but then it must not be forgotten, that this requisite ingre- 
<H< nl is the circumambient atmospheric air, that surrounds the 
gasometers, and is in constant coiitact with every partfof them, 
so that the union of the two ingredients in certain dangen^us 
proportions may always be effected, either internally or exter- 
nally, by unforeseen acc'/idenls ; as the destruction of a gasome- 
t(*r by lightning, provluciug botli^lhc mixture aud the ignitioU at 
the same moment ; the >same by the burning of the gasometer- 

New >Sc/'iCS^ VOL, V. 2 k 
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house ; by the oversetting of a gasometer, from the breaking of 
its chain of suspension, an accident which lately happened at 
Ih'ighlon, and which lias happened also by the bursting of the 
tank in which the gasometer floats. The constant leakage of 
an old gasometer is^also a probable cause of explosive mixture. 
At all events, these are evidently probabilities of accident (piite 
sufficient to show the absolute necessity of the utmost vigilance 
and precaution. 

But even supposing this mixture not to take place, I appre- 
hend that serious consequences might attach to the mere inilaiu- 
Illation and combustion of a large deposit of intlainmable air, 
even in an unexplosive state. 

It appears to me, that such a ciuubustiou, by lightning or 
otherwise, would ])roduce very destructive effects to tlie neigh- 
bouring buildings, and gasometers, merely by the siKkhui raiifi- 
cation and expansion of tln3 air caused by it, and would, in lacJ, 
produce a violent detonation and concussion, without supposing 
any combination of oxygen and hydrogen, but merely by tin* 
simple conflagration of the liydrogea ; under these circum- 
stances, and especially with reference to the experiments nvadi'. 
at Woolwich, by whicli it appears, that the explosive force is 
greater than has usually been assigned,^' I shall feel it riglit in 
concluding this Report, distinctly to point out sucli precautions, 
in this and in other respects, as 1 think ought to be enforced for 
the security and convenience of the puljlic. 

Ill viewing the ])robable causes of disappoiutment to the pulj- 
lic which might occur from the want of the due managoinent of 
this now greatly extended concern, I have been induced to make 
very particular inquiries as to the probabHity of tlie stoppage ol* 
the pipes, by which the gas is conveyed to the different parts of 
the metropolis. The result is certainly satisfactory, as 1 lind 
that in the cast iron pipes or mains not the smallest deposit or 
corrosion takes place ; there is, however, a very coiisiderab)(3 
tendency to stoppage in the service pi[)es, which are iiiadii of 
wrought iron, insomuch, that many of these pipes have be(m 
found completely choaked up in four or five years use. 

The pipes, also, in the interior of the sliops and houses, and 
for the ininiediate conveyance of the gas to the lamps, wdiich 
pipes are generally made of copper, are liable to stoppage by 
internal coirosion. The wrought iron service pipes may, how- 
ever, be conveniently replaced by lead, which is not subject to 
this deposit, and the copper pipes by those of block tin, both 
of which have been so used with good efibet. 

It is satisfactory, thered’ore, to observe, tliat that which would 
be a general and extensive evil (if iliere existed any liability of 
stoppage in the mains), has no existence at all, while that which 
is comparatively a less evil, being merely partial, may be (‘asily 

• Probably from the experiment having been made on a larger scale than any before 
tried. 
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remedied, by the substitution of one material for another. 
These are, therefore, points to which the attention of all the 
companies should be directed. 

It is further also to be observed, that as the deposit by which 
these pipes are liable to be stopped, is a splphate either of iron 
or copper, this evil may be greatly diminished by the greater 
jmrity of the gas. 

This, therefore, becomes an additional reason for urging the 
utmost attention to the process of perfectly purifying the gas 
previously to its entering the pipes, independent of many otlier 
advantages, such as the diminution of its offensive odour in every 
part of its course and application, and of the mischief which 
u('curs to gilding, furniture, <fcc. in the rooms in which impure 
gas is burned. 

Jiegfi/atious v)/t/rh it appears important to Enforce ^ 

l aiough has already been stated on the probability of accident 
and tlic! extent of danger, to prove the necessity of enforcing 
certain restrictions as to the quantity of gas suffered to be accu- 
mulated \vithin a given space; by whicli restrictions not only 
the size of the gasometers hereafter to be constructed, or the 
(piantity of gas to be allowed to be admitted into those already 
constructed, shall be limited, but by which also the proximity of 
those gasometers to each other shall be regulated, as well as 
their distance from any inhabited buildings. I shall now, there- 
fore, proceed to the consideration of these restrictions. 

i\lu(di unwarrantable and inconsiderate extension has pro- 
ceeded in all tliese respects since the first Report of the Royal 
Soi-iely on this suljject in 1814 ; and it may not no\v be practi- 
cable, without exceedingly embarrassing the cornjianies, and, 
c'unsequently, inconveniencing the public, both as to the price 
and as to the supply of gas, to make any immediate reform; hut 
1 liave no hesitation in saying, that the gasometers now gene- 
rally in use contain a inucli greater quantity of gas than can be 
accumulated with perfect safety; and that they are placed mucli 
too near to each other, and too near to some of the most popu- 
lous parts of the town. 

The recommendation contained in tlie Report of the Royal 
Socif*ty ill 1814, limited the size of the gasometers to GOOO cubic 
fei4. ; the expense, however, attending tliis limitatioli, from^lheir 
contents being so small in proportion to their surfaces, is such, 
that I conceive it might be expedient to seek for an equivalent 
security by other precautions, and to allow a greater latitude as 
to the magnitudes of the gasometers. Taking, therefore, ample 
space around each gasometer, I do not know that there would 
bi^ much to apprehend from the use of gasometers measuring 
about 20,000 cubic feet, and working between 15,000 and 20,000 
of these feet; but with siiedi quantities in each, I am decidedly 
of opinion, that these gasometers should not be placed nearer 
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to each otlier than 40 feet, or about a diameter of one of the 
gasometers ; and that if they are nearer, a strong brick traverse 
should be immediately erected between them, similar to those 
used in the powder works at Waltham Abbey. 1 am decidedly 
of opinion also, that^these gasometers should not be sufiered to 
exist nearer than from 50 to 100 yards to any dVelling-house, 
without being similarly traversed. 

But under such restrictions, I should consider the safety of the 
town as well provided for in respect of the gas works, as by that 
regulation relative to the quantity of gunpowder allowed to be 
stored in any warehouse, which limits that quantity to two 
barrels. 

In carrying this restriction, as to the size of the gasomettu s, 
into effect with as little inconvenience us possible to the com- 
panies, I should recommend, as the readiest and cheapest morle, 
that where larger gasometers exist, their altitudes should be 
diminished, or, at least, that they should not be allowed to work 
tliese gasometers above a certain altitude ; and that if the 
expence of reducing their depths w ere desired to be dispensed 
with, some permanent ^top should be applied to them to prevent 
their rising above a certain height, so as to contain more than 
the limited quantity of gas. 1 should recommend also, that 
where these gasometers are, as in many of the establishments is 
the case, nearly close to each other, every other one should be 
taken out and removed to a distance ; nor need this involve any 
necessary increase of ground on the spot where the gasometers 
are now placed (the purchase of which, in some cases, might Ixj 
impracticable), but inerely a removal of these gasometers to a 
distance ; the communication with the retorts, &c. being, as it 
may be, without difficulty, effected (and as, in fact, it now is at 
the South London Works), at a distance by pipes under ground. 
I should also recommend, that a general regulation should be 
enforced to prevent einy gasometer being placed within 50 yards 
of any retort or other part of the works in which fire is used. 
Such appear tome to be the principal regulations necessary as to 
the size and situation of the gasometers ; and it w as on thesis 
principles, in a reference lately made to me by the Lords Com- 
missioners of the Treasury, of an application from the Imperial 
Gas Light and Coke Company, for permission to nurchase an 
additional quantity of land, that I recommended that this per- 
mission should be granted, although it had, in passing the Acts 
of Parliament, been considered desirable to limit the grunts of 
lands, that the works might not be erected on too large a scale. 

My vietV of this subject is, that it may be quite right to limit 
the quantity of gas generated in particular works ; but that 1 
certainly would not limit the quantity of ground on which tJu‘ 
apparatus, for its generation, is to be erected. 

Vith reference to the particular construction of the gasome- 
ters and gasometer houses, from all that I have been able to 
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ascertain, I should recommend that the gasometers should be 
erected in the open air, or, at all events, with the slightest and 
most ventilated covering possible, seeing that there is much 
greater chance of explosion in the gasometer house, where a 
very small leakage of gas from the gasometer, may produce tho 
explosive mixture, than in the gasometers themselves, into 
which large portions of atmospheric air must find their way to 
create danger; and this I am the more induced to recommend, 
since I find that a remedy has been devised for all the mconvo-*- 
niences that might otherwise be apprehended by the intervention 
of a small regulating gasometer between the principal gasome- 
ters and the mains, as already stated ; an arrangement which, it 
ai)pears to me, ought to be generally adopted, as it would also 
be attended with other good effects, in addition to those above- 
mentioned; anioiig which may be noticed the prevention of 
accidents from the irregular flaming of the lamps in shops, and 
especially that very serious cause of accidents in such situations, 
which was noticed in my first Report as being likely to occur 
from the falling of a gasometer at work, supposing its chain to 
break, by which, in the present state of the works, the flame of 
the lamps connected with that gasometer would, on a sudden, 
b(i made to bla/e up to so great a height as could not but bo 
attended with the most serious consequences in a great variety 
of situations ; all of which accidents would be entirely prevented 
by the regulation in <iiiesiion, 

fa the foregoing general observations, 1 have stated the liabi- 
lities to stoppage by corrosion, which exists in the wroiight iron 
service pipes in the streets, and also in the copper feeders in tho 
inside of the houses ; and I have there mentioned the facility 
wliich, fortunately for the perfection of this system, exists, of 
glutting rid of this inconvenience by the substitution of leaden 
and block tin pipes; 1 shall now add, as an. important regulation 
for the general adoption of which, I conceive, the government 
should exert its authority; that all the gas pipes, w'hether mains 
or services, ought to he laid in a bed of clay, firmly rammed 
round the pipe. The necessity of this regulation not only mani- 
tests itself constantly in walking through the streets of the 
iiH^lrqpolis, from the frequent recurrence of offensive smell aris- 
ing from the leakage of the pipes; but was clearly proved by 
the accident which htippened in the wine vaults under the arcade 
of the Opera House, into which the gas had found its way from 
a Uiak in a service pipe passing over the crown of this vault, 
though no gas was laid on in any part of the premises. The 
recurrence of much accident, and the general nuisance above 
stated, would be effectually guarded against by this coating of 
clay round the pipes ; in aadition to which, a saving of gas now 
lost by leakage, would ultimately accrue to the companies. The 
expense, in tiie first jnstance, might be considerable, and, it is 
to be regretted, that it was not originally attended to, because it 
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would not certainly be now advisable, generally, to break up the 
streets for that purpose ; but I should distinctly recommend, 
that whenever new pipes are laid, or old ones exposed for repair 
or otherwise, this measure should be universally enforced. 

There is another *subject to which I feel it right to call the 
serious attention of the government, conceiving that some gene- 
ral regulation in this respect would be a material benefit to the 
public, as well as to the companies. 

I allude to the limitation of particular districts to parlicular 
companies ; at present, as may be seen by the accompanying 
plan, the mains of more than one of the first-formed companies, 
principall}’^ the liOndon and City of London Gas Light (yornpa- 
nies, are carried into the same district, and indeed in niany 
places into the same streets, lanes, and even alleys, so that 
adjoining houses, in the most confined situations, are frc(|ncntly 
supplied by different companies, the pipes of these different 
companies intersecting and mixing in a very complicated 
manner. 

From this it frequently happens, that in case of the nuisance 
of leakage,' it is unknown from what pipes this nuisance proceeds. 
A hesitation is thus, therefore, constantly manifested as to which 
company is to open the ground ; disputes arise, and much delay 
and inconvenience is the consequence, not only from the nui- 
sance being thus prolonged, but from the more frequent breaking 
up of the pavement, naturally arising from a double set of mains 
and services than if only one set were allowed in the same dis- 
trict. 

The only argument, as it appears to me, that could be adduced 
against this limitation, would be as to any supposed effect that 
might arise from the encouragement of the competition of differ- 
ent companies in keeping down prices ; but this object ion 1 
apprehend may be settled, by regulating the general prices w ith 
less aifficulty than exists in the present state of the supply. 
And this regulation of prices, as 1 have already stated, is oiu) of 
the advantages that may he fairly calculated upon as an early 
result from the due exertion of the control of the government. 

Some of the companies, from the complaints^ disputes, and 
other inconveniences, attending the present arrangement, arc 
ver)'' desirous of entering into a compromise for the limitation of 
their districts, and liave offered an exchange f»f mains, &c. vahuj 
for value ; and I must confess that it appears to me advisahh', 
that a general regulation on this subj<^ct should ))e adopted as 
soon as possible. The latter charters indeed have i)rocecdcd 
upon this principle. The Imperial Company, for instance, is 
thus limited to particular districts, and those districts are exclu- 
sively granted to them. 

I shall now only state one more regulation, which I think it 
would be very important to have enforced,, that not only shouhl 
accurate plans of the present actual state of all the gas works 
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in the metropolis be transmitted to the person charged with the 
general inspection of tlicm, but that no new work, nor any exten- 
sion of old works, should be proceeded upon until regular plans 
of them shall have been laid before the inspector, and until the 
sanction of tlje Secretary of State shall h^ve been procured by 
liini for their proceeding. • 

It is but right that 1 should take this opportunity of stating, 
that I Jiave received eve ry facility and attention on the part of 
the directors of tlio ditferent companies to my recpiests for infor- 
'ination; but 1 have not yet been favoured with plans,* such as 
those above-mentioned, witliout which it is impossible to enter 
w!tli that accuracy into al! tlie details of such a survey, which 
the magnitude, risk, and general importance of these works 
demand. It is indeed evidently the interest of the companies 
<a>nce)rned, to iurnisli as early as possible, before they under- 
take new works, plans of tlieir intended operations, inasmuch as 
prevention is better t!ian remedy, and that it is easier to make 
alleratioiis in a drawing than in a l)uilding; nor can I refrain 
lie nil rt:peating, that it is much to he regretted that such au 
ai rangemciit was not hnig since carried into elfect, as the tho- 
rough security of the town and the perfect organization of the 
system iniglit have been insured, at a much less expense to the 
companies than will no\v he ultimately reejuired. 

On this part of tlic suljjcct it remains only that I should stale, 
llrat having thus far, at the rccpiest of the government, devoted 
myself to the couslderation of this important public concern, 1 
am ready to ]>roceed in giving my best assistance in seeing that 
those preventions, which 1 have suggested for the safety of the 
nititropolis, are properly carried into clle« r, in the performance of 
winch I sljould feel it incumbent upon me, c([aally upon public, 
grounds, to ctmsnlt the interests and accommodation of the 
eompanies as far as it corld consistently be accomplished with 
ieferenc(i to the i)rimarv ohjei’t, tin? convenience and security of 
tile pnhlicn 

Oil the. subject of the coal gas works, it remains <mly to he 
ohservful, that there are several private gasometers erected for 
the lighting Ofi nvanuhictories and titlier buildings, where the 
ojieration is coiifnied enlirely to tiic particular jiremises, sucli as 
ttoyalty Theatreg iMt.'ssrs. W ard and Ainger s, south side ol 
JMackfriars-hridge, and many otheis. 

Tiuue are olJicr coal gas works also funned, not only for the 
[uirpose ol’ lighting jiaiticular promises, hut which extend 
th('ir operations by the sale of the gas for lighting the neigh- 
bouring buildings also. 

And tliere are other private establishments created entirely 
for the sale of coal gas to tlic public. The mains of some of 
tJu'se works extend to ve ry considerable distances. Tlie 11 at- 
clille Comjiany, for instance, have three gasonu^ters, and havt^ 
liroiiglit their mains’ nearly up to the Tower ol London. Auo- 
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thcr of these factories is formed at Poplar, and another in Cro- 
mer-street, Bruns wick-square. 

It does not, however, seem necessary that I should now go 
into any further details respecting these works, though it is 
important that I should state that they have been established 
cnlbdij tvithout Act (^'Parliament ar other licence^ and that it 
appears to me, as these works are liable to accident and nui- 
sance, as well as those carried on upon a larger scale, though 
not, perhaps, the same extent, that they ought also to become 
the object of such rules and regulations as the government may 
deem it expedient to determine upon for the conduct of the 
j^rincipal works — and that no gas works whatever sliould be 
allowed to be formed without a licence in Ihe first instance, and 
without being subjected to subsequent inspection and control. 

Oil Gas Works. 

I ought not to close this Report without adding a few words 
more on the subject of oil gas, althougli tlita’e is no part of the 
application of tins modification of the system, which at present 
regularly falls within the scoj>e of this Report. 

I am sorry to say, that but little extension in this branch of 
the gas lights has taken place in the metropolis since my last 
Report, although it has been adopted by some of the largest 
])rovincial towns, namely, Liverpool, Plymouth, Cambridge, and 
Taunton, and, as I understand, Dublin also. 

In London one public company’* **' only has been established, 
which is situated near Old Ford ; these works consist of one 
gasometer, 30 feet in diameter and 12 feet deep, supplied by 
12 retorts, of which, however, not more than three or four are 
at present kept in action, as the quantity of gas. consumed 
does not exceed 0,000 cubic feet daily. 

These retorts are cl^arged only once a day, a continued small 
stream of oil being kept constantly droj)ping into them. 

One gallon of oil is calculated t/> j)ro<luce 100 cubic feet of 
gas, the illuminating power of which is stated to be equal to more 
than 300 cubic feet of coal gas. 

The oil gas requires only to be passed through a'enstern of oil 
for its purification. The oil undergoes no change in the process, 
so as f.o deteriorate it, or render it offensive, like the lime water 
used the purification of coal gas, neither is there any residuum 
left in the distillation by which a nuisance can be created. 

Oil of any inferior description is capable of producing good 
gas, though some of the vegetable oils are the best. 

Abfmt seven miles of main are attached to these works, run- 
ning from the London Hospital, Whitechapel, to the four mile- 
stone, Stratford. 


* The capital granted to this company by Act of Parliam/;nt is 10,000f. of wliicli 

60001, baa been already raised. 
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Each house served with this gas is furnished with a small 
gasometer, to measure the quantity of gas consumed, for wliich 
the consumer pays at the rate of 5.v. for 100 feet. 

Uherc can be no doubt that the light thus produced by oil 
gas, taking tl\e different intensities into the account, is much 
cheaper than that produced by the direct burning of oil ; nor 
indeed is the expense of oil gas greater than that of coal gas, if 
we admit the intensity of its light to be three times that of an 
e<jual (quantity of coal gas, or that one burner supplied with oil 
•gas is equal to three with coal gas. 

The charge for 1000 cubic feet of coal gas is 15.5. ; and the 
expense ol 13000 feet of coal gas, therefore, is 45s. which is stated 
to be acarcelif equal to 1000 cubic feet of oil gas costing 50.5.; 
now if tlie values in proportion to the light obtained thus nearly 
approximate, it certainly appears to me, that the oil gas must be 
nearly, if not quite as cheap, taking into the account the great 
reduction in the first outlay for the apparatus required for gene- 
rating the oil gas, compared to that required for the coal gas, 
and reckoning also the difference in the required size of the 
luaijis. And indeed the extensive introduction of this system 
into the provincial towns now going on, is to my mind a con- 
vincing [)roof of the correctness ol’the foregoing statement, and 
makes it only matter of greater surprise to me, that so little lias 
Vi't been done as to the public use of oil gas in the metropolis, 
the more csjJcciaJIy when its greater security, from the reduced 
(juanlity necessary for a given light, its greater purity, and less 
oli’ensive smell, are taken into consideration. 

1 must not, liowever, omit to say, timt an oil gas company, 

< ailed I'he Portable Oil Gas (.'oinpauy, about to be formed in 
Louflon. The principal object of this company is to supply 
detached houses with this gas, in situations where no mains are 
laid down. For this purpose strong copper vessels are prepared 
(d diflerent dimensions, iji which the oil gas is deposited by com- 
pression ; so that a vessel of one cubic foot has been made to 
contain l(i cubic feel of this gas; and if each cubic foot of this 
gas is suppt)sed to be ecpial to three cubic I’eet of coal gas, then 
would such a vessel camtain <jil gas sullicient to siq)ply one lamp 
Ibr niiKj hours. 

Th'e idea is in some cases to attach a vessel containing a con- 
siderable supply on this principle to small feeding p*i})es leading 
to fixed lamps in diHerent parts of the building; and in some 
cas<js, to luue the reservoir containing the condensed gas, made 
part of a moveable or portable lamp. 

The first of tliese inod(?s seems to me most likely to be useful, 
limited, boweveu*, as above-mf*ntioued, to situations where no^ 
mains ar(‘ laid on, and wliere it is desired to avoid the trouble ot 
gtauaating the gas on the spot. 

The latter seems to be still more limited in its application, as 
lew moveable lamps *could be conveniently constructed, which 
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would allow of a reservoir being attached to them sufliciently 
capacious for general uses. 

These plans are certainly very ingenious, though it cannot be 
denied that there must be considerable inconveniences and 
expenses attaching to the constant removal of the reservoirs 
between I'he factory where the gas is to be generated and com- 
pressed, and the house where it is to be. consumed ; neverthe- 
less, I am informed, that a considerable capital has been already 
subscribed to carry the project into effect. 

To this spirit of enterprise it must be left to overcome the’ 
difficulties of the undertaking ; 1 have only to consider the 
danger; and to this, as the scheme advances, it will be my duly, 
or the duty of whoever undertakes this inspection, to look 
seriously and to call the attention of the government ; for hero 
unquestionably we find introduced a new description of danger 
altogether ; in the highly compressed state into which it is 
found necessary for the sake of portability to condense the gas. 
There is evidently .some risk in forcing 16 atmospheres into a light 
copper vessel, when (pute new; but when such vessel has been 
long in use and long strained by the constant eftbrts of the con- 
fined gas, the danger of its bursting must be considerably 
enhanced. 

Precautions may it is tnie he taken to render an explosion as 
little mischievous as possible;, and the vessels may lie calcuhileal 
of ample strength in the first instance; yet it is diliicult lo 
ascertain the probfible eifec.ts of accidental explosion, or tin; 
constant stnaigth of materials, and more especially whore tiu; 
compression first given to the gas is liable to subsequent increas(; 
by heat. 

With respect to the oil gas it remains only to be stated, that 
though so little extension of it in public works has taken place 
in the metropolis, its use has boon considf;rably advanced in [>ri- 
vatc establishments; and I shall ccmclude by offering it to con- 
sideration, how far all these nfiplications of this gas, as well usof 
the coal gas, ought to be subjected to some sort of licenct; and 
regulation. ’ VV j l l i a m Co n c; r k v i; . 
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Artici.e V. 

On the Development of Electromof'netism by Heat. By the Rev. 
J. Cumming, MA. FRS. and Professor, of Chemistry in the 

University of Cambridge. » 

(To the Editor of the Annals tf Pliilosopht/.) 

DEAR SIR, Catnhridf^c^ April 30^ 1823- 

Thk following, selected from some experiments which were 
the substance of a paper read at the last meeting of the Cam- 
bridge Philosophical Society, as, 1 believe, they are. new, will, 

I hope, be found interesting to your readers. 

A H the metals, not excepting fluid mercury, produced a devia- 
tion on the magnetic needle of a galvanoscope, provided the 
extrcmiities of the metallic bars employed were at different tem- 
peratures. 

It was indifferent whether the connecting wires were united 
to the bars by sokhuing, rivetting, or simple contact. 

Bismuth and antimony (the nui tills which seemed most 
ellieacious) gave with copper wires, deviations in opposite 
directions. 

A bar of bismulh four and a half inches long, half an inch 
broad, and one-eighth thick, gave a positive deviation of 21® on 
a (Oinpass needle, four and a half inches long, at the melting 
])oiiit of bisnintii ; at hSO^ and 1 OtP, the deviations were respect- 
ively 12 ’ and 6^, the cooler end lieing constantly at ()()°. 

A similar bar of anliiuuiiy, with tiu' utmost heat of a spirit- 
lamp, gave a negotirc deviation of 

NVlieii a few drops of (‘tlier were made to evaporate from one 
extremity of these bars, tlu^ other being kept at a constant tem- 
perature of G(P, deviation was produced, J)Ui, of course, in the 
op[)Osi te di recti on . 

A slip of ])alladium, weighing 35 grains, having silver wires 
rivetled into it, when made led-hoi atone extremity, gave willi 
a small compass needle a deviation oi' 70^ jfosi/ ire ; with platina 
wir(!S HP negative- 

A similar slip of platina v.ith silver wires gave a jiosiiicc 
deviation of ()5'^ ; with ])latina wires 4*^ ^ , 

A bar of zinc cast upon copper wires gavii a ii('gativ<'/levia- 
tionof irP; the saim^ bar with zinc wires gave a deviation ol* 
2"^; with silviir wires a deviation of 2^; aiui with iron wires a 
deviation of iP, all positive ; but. with platina wires^a deviation 
of 50'^ negative. 

A copper bar with zinc wires gave a deviation of 20° ; with 
eo[)pcr wires a deviation of HP ; and with silver oi 3>(P, all posi- 
tive ; but willi ])liitina wires a deviation of HS° negative. 

A small sil\er bar with .-iUtu’ wires gave a positive (k^viation 
of 2(P; but with iilatina \\iies 60" negative, both at a red heat. 
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A brass bar with platina wire gave 10® negative deviation ; 
with silver wire 20® positive ; with brass wire 15®, and with zinc 
wire 25®, both positive. 

An iron bar with brazed copper wires, and the heat of two 
lamps, gave 46® of negative deviation ; it likewise (Jeviated nega- 
tively with wires of platina. 

Two connecting wires, each composed of a platina and a 
silver wire soldered together at one of their extremities, were 
rivetted into a copper bar : when the silver ends were rivetted 
to the bar, the deviation was positive ; when the platina, nega- 
tive; but when the platina ends Avere shortened to half an inch, 
the deviation again became positive. 

Quicksilver inclosed in a glass tube, eight inches long, and 
half an inch in diameter, with copper wires, gave at the temper- 
atures 170® a^d 115® the corresponding deviations 8® and 3® 
with the small compass. 

A double bar, eight inches long, composed by soldering 
together at the middle a bar of bismuth and another of anti- 
mony, when heated at both extremities, and kept at a tempera- 
ture of GO® in the middle, gave a deviation of 3G® with the large 
compass at the melting point of bismuth. 

All alloy of bismuth and antimony gave with the large com- 
pass a deviation of 3® negative; on continuing the heat it 
returned to zero, and eitthe melting point of the bar, it became 
4® positive, 

A bar of bismuth, six inches long, was broken into two 

parts ; I | \ y a h and c d of tw o 

inches and four inches in length, and soldered together again 
with a thin plate of copper interposed. When heated at a or r, 
the deviation was jmsitive ; and when at b or dy was in the oppo- 
site direction ; but when the bar was unbroken, the deviations 
had been in the same direction, whether the heal ivere applieil 
at Uy by or c, 

A rod of bismuth having wires soldered to it in diflbrent 
parts of its length, the included portions being alternately hot 
and cold, exhibited as many poles as there were wires. 

Two bars, whose deviations were respectively 20® and JG®, 
when connected in sequence gave a deviation of 23® ; the devia- 
tion was not so great when the hot and cold ends were con* 
nected respectively. 

A battery of eight bars produced some, but not a consider- 
able increase of pow er. 

A bar which produced a deviation of 20® with four feet of 
copper wire, of 1-21 of an inch diameter, gave with 8, IG, and 32 
ieet of the same wire, corresponding deviations of 154®, 10®, 
and 7®. 

With eight feet of copper wire, of l-37th ilich, the deviation 
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was ; with the same length of platina wire of l-lOOth inch, 
not more than 

With four feet of copper wire of 1-1 2th inch, the deviation 
was 21®, and was not increased by using two such wires. 

In all these experiments, the deviation was in the same 
direction throughout every part, both of the bars ^nd of the 
connecting wires. 

No dilFerence of effect was observed, whether the bars were 
after fusion cooled slowly or rapidly. 

The efiects were not materially increased by increasing the 
dimensions of the bars, or of the surfaces in contact. 

A tourmaline, which by heat exhibited the opposite electric 
states very strongly, produced no deviation on the magnetic 
ncicdle, when its ends were connected with the galvanoscope by 
silver wires coiled round them. 

Ft)r a comparison between the electromagnetic efiects as 
produced by heat and by the usual process, it was observed tliat 
jods of zinc and copper, each 7-lOtas of an inch in diameter, and 
distant 4-l()(hs, when excited by ecjual parts of muriatic acid 
and water, j)roduced a deviation of 27^ on tlie large compass; 
and rods of 3-lOths distant 3-lOths inch, gave 40® with the 
smalle r. Uelieve me, dear Sir, 

Very sincerely yours, 

J . C L M M I N (J . 


Articj.k VI. 

lliperuneHls to deter inIhc the Print iedbUiti/ of an Operation for 
Phthisis Pit/fnona/is^ j)roposed hif JJr, Carson, 13y David 
Williams, MD. 

(To the Editor of the Annals of Philosophy.') 

SIR, JAvcrponl^ 1823. 

Tiik following experiments w’ore instituted from a desire to 
f'xamine a very important physiological hypothesis, advanced 
by Dr. Carson. I'hat gentleman has ])nblished a ])amphlet,'*' 
consisting of three essays : one, on the Elasticity the Lyngs ; 
another, on the Vacuity of the Arteries after iDeath ; ayd the 
tliird, oil Lesions of the Lungs. In the second, or that on the 
Vacuity of the Arteries after Death, he relates two metliods 
that he adopted for killing animals, by admitting air ihroiigh 
difierent parts of the parictes of tin' chest into both its cavities 
simultaneously, tliereby collapsing the lungs. One method was 
by making an opening of about au inch in length between a pair 
of the ribs on each side of the thorax. The other w as by making 

♦ Essays, rhy»lological and rracticiU. By James Carson, MD, 
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an opening fit to admit his two fingers from within the abdomen, 
through the muscular part of the diaphragm on eacli side : 
instantaneous death was the result of the latter method in all his 
trials. In the former, death was not less certain, though a little 
more tedious ; the life of one animal only (a large ^dog) was pro- 
tracted sh long as twenty minutes. In his third essay, or that 
on Lesions of the Lungs, Dr. Carson details an experiment per- 
formed on three rabbits as follows : An imnsion was made 
between two of the ribs on one side into the cavity of the 
chest, the air was freely admitted, and he concluded that tlui 
lung must have been reduced to a state of collaj)se. The wound 
was then allowed to close and heal. At tlie distance ol‘ live 
days, a similar opening was made into the cavity on the op])ositt^ 
side, when one out of the three rabbits soon expired after tlu' 
second operation. Dr. Carson inferred from the results, that it 
is possible to collapse one of the lungs, and to retain it in that 
state, ad libitum^ by keeping open the communication bcitween 
the cavity of the chest and the external air ; and further, that 
upon allowing the opening to close, the hing in a given time 
will recover its wonted function, theix.by rendering it prac- 
ticable, when conceived necessary, to place the opposite lung 
under the like discipline. .Dr. Carson has very ingeniously pro- 
posed the application of his views to the cure of one of the most 
frequent and fatal of diseases, phthisis pulrnonulis ; and in a 
single instance, he has reduced his hypotliesis to practice, by 
sanctioning the operation upon a patient in this town. 

It will be, perhaps, rather difficult . to reconcile w ith llie 
above, the results of the following expevimenis : indeed li;ul I 
not been indulged with the presence of medical gentlemen at 
several of them, I should have felt some scruple in giving them 
publicity. All the subjects of my exp(.*riments were dogs. Tin* 
first four noticed had their os liumeri secured to the rings of .^it> 
]>ound weights ; their hind legs were wxdl extended, and i\istene<l 
to similar weights ; so that tliey WT:rc retained nearly in th(‘ir 
natural standing ]>osition, which preserved to tlioni, in a great 
measure, the use of their auxiliary respiratory powers. 

Kxper, 1. — An opening to the full extent of an kich was ma<h^ 
into the left cavity of the chest, between the sixth and seventh 
ribs, midspace, betwixt the spine and sternum. At each inspi- 
ration, the lung was partially inflated, and was distinctly seen 
beneath the orifice, and at a little distance from it. At each 
expiration, it evidently contracted, and its lower tliin margin 
was thrust outward through the aperture, wuth great force and a 
peculiar noise, caused by the protrusion, and an exit of a portion 
of the air. The breatliing was distressed when the lung pro- 
truded, but as soon as the wound was allowed to contracf, it 
became more tranquil. The right cavity w^as in like manner 
opened, and the same phenomena were observed. VVlien both 
ajiertures were kept wide open, the breathing was very laborious 
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and distressing, which did not arise altogether from the presence 
of air ill the cavities, but principally from the violent protrusion 
of the inferior maigins of the lungs, because the instant the 
ojienings were permitted to contract, so as to prevent that acci- 
dent, respiration became more easy. About ten minutes after, 
the second 0 {^euing was made, before the lips of the wounds 
were brought together. The dog, vvlien let loose, walked, was 
weak, l)ut breathed easy ; would taste nothing until the next 
morning, when lie appeared lively, took his food, and regained 
Jiis strength dally, d'he ninth day after the operation,*he was 
hanged, and the trachea tied, to prevent tlie collapse of the 
lungs, on opening the chcvSt. Dissection : no morbid appear- 
ance in the cavities of the chest ; the wounds were healed inter- 
nally, but not quite externally. The lungs did not reach by two 
inches the lowcainost ])art of their cavities, nor did their bulk 
aj)pcar e(jual to the hlling of the other parts of their cavities. 

Jblxjicr, 2. — Dr. Traill, Mr. Christian, and Mr. Dawson, sur- 
geons, were present. The oi^eration was performed in the same 
manner as the lirst ; the openings were hotter than an inch in 
liuigth ; both lungs wounded in the operation in consequence of 
ilie dog struggling (his hind legs not being sufliciently extended). 
Tiie lungs did not protrude, but the wounded part of the one 
that was most seriously injured by the knife was observed to 
])resont itself at each expiration opposite the aperture. Will a 
wounded lung protrude under every circumstance that a sound 
one will ( The above medical gentlemen were convinced that the 
lungs only jiartially contracted, and that they were not in a 
quiescent state, hut that respiration more or less oppressed,, 
according as the openings were expanded, continued uninter- 
rupU^dly during the experiment. A silver catheter introduced 
into the chest was moved about by the alternate contraction and 
distension of the lung. The dog was detained with both aper- 
tures wide open for the s])ace of five minutes ; then untied, with- 
out bringing the edges of the wounds together. lie was rather 
lividy, shook his tail, drew himsi If upon his belly along the 
Hour, then lay down on one side, and contracted himself, as if 
to close the ojoenings; whether it w^us instinct or accident that 
induced him to choose that position, it certainly had that edect, 
thereby enabling him to breathe easier *, though his breathing, 
after he was let loose, did not appear much di.<tre.ssecl/ his 
strength was considerably exhausted. About an hour aftef, the 
edges of the wounds were brought together ; during the inter- 
mediate hour, the external air communicated with the cavities, 
lie refused his food until next day, when he recovered his appe- 
tite, and regained his strength apace. The fifth day after the 
operation, ilie dog was hanged. Dissection ; the internal edges 
of the wounds healed ; the left lung had a deep j)lum-coloun‘d 
circular spot, as large as the civcumfevence of a crown piece, 
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surrounding the wounded part, which was cjuite healed. On 
making an ingision into the discoloured portion, it was found 
gorged with blood, without any apparent disorganization, and 
appeared in a fair way of regaining its natural state. A similar 
spot surrounding the wouno^ed part was observed on the right 
lung, but smaller ; that wound was also healed, iio adhesion or 
extravasation in either cavity. Absorption must have been very 
rapid, as a considerable effusion of blood into the left cavity had 
taken place during the operation. 

Pxpey. 3. — In the presence of Drs. Jeffreys, Javdine, Nichol- 
son, and Messrs. Blackburn and Jones. An ojjeriing of an inch 
and a half in length was made between the sixth and seventli 
ribs on both sides of the thorax, of a middle-sized cur. The air 
had free ingress during inspiration ; and at each expiration, it 
rushed out, the lungs frequently protruding, when not prevented 
by the examinations of the above medical gentlemein The 
breathing was much distressed ; the animal was kei>t on the 
table for five minutes, after both the openings were made ; wlu^n 
let loose, he walked about, apparently but little affected, the air 
passing in and out of the cavities. At the expiration of ten 
minutes from the time he was liberated, the apertures were fully 
distended, and retained s,o by applying and pressing a Unger at 
the extremity of each of them, which effectually prevented the 
ribs from approaching each otlier; in fact, in my opinion, they 
were fixed. The death of the animal took place in less than two 
minutes. To what extent the auxiliary respiratory organs weie 
impeded in their action by the two ribs on each side Ix^ing 
retained asunder, I cannot ; but if they were impeded, and 
I think it is evident thattliey were, the death of the animal natu- 
rally must have been accelerated. 

Pxper. 4, — 111 the presence of the same gentlemen as wit- 
nessed the latter. A small opening was made into each cavity 
of the chest of a bulbdog in the intercostal spaces, and a full- 
sized clyster-pipe introduced into both apertures, which vven^ 
retained for half an hour in an oblique position, their internal 
ends pointing towards the upper part of the thorax ; during 
which time air freely passed inwards and outward I'he animal 
was occasionally distressed in his breathing, when he woiihl 
struggle and contract so as to force out as much as possible the 
air in the bags of the jileuro \ then he would make a quick and 
full inspiration, by which he was considerably relieved. After 
regaining his liberty, he seemed but little injured by the ope- 
rations. 

Pxper. 6. — An opening live inches in length was made 
between the sternum and symphysis pubis into the cavity of the 
abdomen. The diaphragm appeared tense, and the action of its 
fibres were visible, but confined, from the very great pre.ssnni 
required to prevent the protrusion of the inteslinc>s, &c. The 



1823.] (m Operation for Phthisis Puhnonalis» 433 

violent thrusting outward of the contents of the abdomen was 
principally, if not entirely, occasioned by the action of the 
diaphragm, for the force of the protrusion diminished as soon as 
its action was obstructed on one side of the mediastinum, and 
ceased when i^f took place on both sides. With a little, difficulty 
i\n opening about an inch in length was made into the left cavity 
of the cliest through the muscular part of the diaphragm, three 
inc/lics below its attachment to the ribs. AVlien the air rushed 
jin, the diaphragm on that side became relaxed, and action 
not only o])structGd, but its irritability to all appearance sus- 
ptmcled. A portion of the diaphragm jutted out towards the 
abdomen, and formed a pouch, with the aperture in its centre. 
A similar oj)enjjig was made into tlic right cavity of the chest, 
followed by the same clfecds. An ivory tube, 3-lOths of an inch 
in <tiameter, was repcat(‘dly introduced into each aperture. The 
iiiaphragm seeuiod to be aHogethcr guided by the action of the 
conlijxuous [jarts, and l>y the pressure and passage of the air 
modihed l\v respiration ; at each inspiration it was drawn 
iowards tlie chest, anrl expanded by tlui dilatation of the thorax, 
hut its expansion was not .sulficient to obliferate the pouches 
Ix'l’ore noticed, which was a strong pioof, together with the 
quiescent stale, compared with the previous violent tlirusting 
outwards oflho C(Uitents of the abdomeig of its paralyzed condi- 
tion. Is it lukl likel}' ihwi in majiy 'x ounds ])euetrating into the 
ea\ity of the abdoiiK'u, Ufvacca^te.parueii with thrusting outwards 
of its contents, that Iht' drqidn i . is ».vX)undi d ! At. each expi- 
ration, tile diaj)hragm was pusiief) jov. the abdomen, by the 
pressure and [)assago of t he air fioni uitJiin the f’avdties of the 
< and the [louclies enlargx.d. d'lic breathing was oppressed, 

but not so distressing as in the liist three experiiueiits, when 
the apertures were wide open. 3die external wound was brought 
together by suture. \\ hen the dog was rt nib\ ed tfoin the table, 
h(‘ walked, but tottered a iitih'. ; lu'. breathed easy", and three- 
hours after lap[)ed some milk, wliich was rather surj.'vising, as 
the lirst two operated upon would accept of nothing* until the 
following morning. He recovered his strength and liveliness 
amazingly fast. On tlie third day after the experiment, he was 
liaiiged, together with another dog not operated upon, for ^the 
purpose of comparing tlie appearances of their respective lungs, 
liach had liis trachea secured iannediately on being cut do\vn, 
before the suspending cord was slackmiod, to prevent collapse 
ol tile lungs on opening tlie cavity of the chest. .Dissection: 
in the presence of Dr. Traill, to whom I am greatly indebted for 
many suggestions in conducting those experiments. ATo morbid 
appearance in the abdomen, with the exception of a few adhe- 
sions between the liver ancl peritoneum ; the apertures in the 
<liapliragm w ere <*loscd by a tondva* film, which very readily gave 
Avay tt:) the probe. Oil opening the chest, the heart was once 
observed to contract, and the pericardium was perfectly trans- 
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parent, as remarked by Prof. Richerand.* We could perceive 
very distinctly the ramifications of the coronary vessels ; the 
diaphragm was in its natural position ; no adhesions ; the lungs 
on first exposing them ap'oeared perfectly smooth and glossy ; 
in a little,time they were slightly corrugated by the effect of the 
cold in condensing the enclosed air : the examination was con- 
ducted in the open air. Not the slightest difference could be 
Tjerceived either in the expansion or general appearance of the 
lungs or the two dogs. Their lungs did not extend by two^ 
inches to the inferior part of their respective cavities, and their 
bulk was insufiicient to fill the remaining ])art of the bags of thc 
pleura. Pray what proof is there that the lungs fill the bags of 
the pleura ? I must confess that I am quite sceptical upon tliat 
point, and, on the contrary, believe that in a healthy state they 
never fill them. To prove that the measure we had recourse to 
was effectual in preventing the air escaping out of the lungs, 
when the chest was opened at the conclusion, we divided the 
windpipe of each below the knots, when they instantaneously 
collapsed. 

JExper. 6. — The description supposes the animal to be stand- 
ing upright on his hind legs. The right cavity of the chest was 
transfixed with a sharp-pointed penknife, by thrusting it trans- 
versely with a slight degree of obliquity downwards, through tlie 
intercostal space, immediately above, the upper edge of the 
eleventh rib, mid-space, between its licad and anterior extre- 
mity. The animal was afterwards put to death. Dissection: 
the instrument had pierced the diaphragm, and had slightly 
wounded the liver; the lung uninjured; the knife had passed as 
near as p>ossible through the centre of tlie cavity at that part, 
and but little short of two inches above its inlcrior termination. 
Had the lung extended so low down, it must have been wounded, 
the knife being shafp-pointed, and pushed in with force. 

Exper. 7. — '^i'o remove every doubt, with respect to the slate 
of the lung, when depriv^ed entirely of the influence of the aux- 
iliary respiratory organs, the following ex|)orinicnt was made in 
the open air. The cartilages of all the true rifis were divideil, 
with the exception of the suj^criur ruie, close to tlieir juncture, 
with the osseous structure, and the left cavity of the chest laid 
open its whole length; the diaphragm was punctured; the ribs, 
and their cartilaginous ends, attached to tlui sicn num were sepa- 
rated and retained asunder, so as to expose and to deprive the 
lung of every assistance from the auxiliary respiratory organs. 
The lung rested upon the ribs and side of ihe vertebra) ; on ex- 
posure, it shrunk considerably, but <lid not collapse. Its motion, 
for it was not at rest, might b(‘ couqiared to that of a leech when 
it draws up, and again recedes its body, without making any 
progression ; indeed, w ith both ends fixed, the motion was not 
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fcl)at of pulsation, neither was it synchronous with the action of 
the heart, but it was a slow undulating movement. On closing 
the gash, and keeping it so for four or five inspirations, then 
opening it quickly, the lung was found to have increased in 
volume; on e::posure, it again diminished. To close the scene, 
the knife was plunged into the heart with a determination never 
to perform another experiment on a living animal, which I 
had been induced in the present case to do, by my anxiety to 
solve an import ant practical probleim 

[ believe no one has ever appreciated the power of the lungs 
and tlunr auxiliaries in respiration during life in resisting and 
diminishing the pressure of the atmosphere, when admitted into 
the cavities of thf) thorax through apertures in its parietes. 
That they do poss^^ss a considerable power is beyond a doubt. 
The oppi'ossioii of the breathing and the expansion of the lungs 
are in an inverse ratio to one am^ther, and can be regulated by 
adjusting the diimuisions of the openings into the cavities of the 
chest. y\s the apertures increase iji their size, the power of 
( xpansion of the lungs is diminished, \\hile the oppression of 
the breathing is augmented, until at last life is extinguished. 
What (piantity of air is suflicient to produce death as long as all 
the respiratory organs are not restrained, 1 have not ascer- 
tained. Th(^ doctrine of the lung collapsing, while the function 
of the opposite one is unimpaired, on exposure of its external 
surface to (he at mosplu rc', taught IVom lime immemorial in the 
schools, I 7uust now consider as erroneous, and feel somewhat 
sur[)rised that a notion so groundless sIkjuUI have existed for s > 
many ages. 

brom tfie forc'going experiments, it appears, 

1. Tliat a lung will not collapse from exposure to the atmo- 
sphere as long as respiiutiou is carried on by the opposite one, 
and (he auxiliary respiratory powtns are not restrained. 

2. That a lung ])ossesses for a time, independently of the 
intlueiice of the diaphragm and intercostal muscles, if respiration 
is carried on by the opposite lung, a j^eculiar motive power, the 
source ol’vvliich 1 do not pretend to explain. 

o. That a sound lung soon regains its full power of expansion, 
wlien,the pressun^ of the exterior air is removed. 

4. That air freely and uninterruptedly admitted into both 
t avities of the chest simultaneously, through tubes of a certain 
cahhn', will not collapse the lungs, if the auxiliary respiratory 
organs are unrestrained. 

.”>. fhal air admitted into both the cavities of the chest (of a 
middle-sized dog) simultaneously through apertures of an inch 
and better in length in the intercostal spaces, will not collapse 
tlui lungs, jirovided the animal is allowed uuconfined the use of 
his res pi rati ny organs. 

(). That a souml liuig never fills the bag of the pleura. 

2 
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If the last physiological inferences is correct, it is highly inte- 
resting in a pathological point of view. It enables ns to explain 
how hydrops thoracis, or that species of it called hydrops 
pleurae, may exist to a certain extent, without being attended 
with any symptoms indicating the presence of the disease, as 
related by numerous medical authors. We can also more satis- 
factorily account how the lung so frequently escapes being 
w’ounded when weapons penetrate the cavity of the thorax ; and 
how the extravasation which follows, if not considerable, pro- 
duces but little derangement. It may also have a practical 
utility, for it informs the surgeon that the lung descends to a 
certain point only, so that he need not be afraid wounding it 
should an operation be required below that position. 


Dr. Carson retained open the apertures into the chests of his 
animals with his fingers ; whereas mine were kept open in tlie 
manner described, which accounts for the difiereiil r(!sults of our 
experiments. Dr. Carson, in his Essays, does not ulliidc to this 
circumstance, but since my investigations he has mentioned it. 
When air is admitted into the cavities of the chest, the animal 
requires the aid of all his respiratory powers. 


Article VIL 

On M. S('/nreici;ger's E/eclromagnetic MullipUery irith an Acrouift 
af wNie Expert mcntH made with it. By Oersted. (Cfuii-' 

niLinicated l>y the Author.) 

Immkoiately after the discovery of electromagnetism, 
Prof. Schweigger, of Halle, invented ein extremely useful instru- 
ment for the purpose of discovering very weak electrical currents 
by means of the magnetic needle. The effect of this multiplier is 
founded upon the equal action which every part of a conducting 
wire when it transmits a current exerts upon the magnetic i>eedle. 
When a pa^t of this wire is curved as in A B C, fig. 1 (PI. XX), 
so that the two branches A 13 and B C are in a vertical plant!, 
and a magnetic needle D E is properly suspended in iht; same 
plane, it v/ill be readily conceived that the needle receives an 
impulse double that which it would ro^ccive from one only of 
the branches. The impulse given by each branch has also the 
same direction, since it is in fact tlie same side ol' the wire 
which in both branches is opposite the needle. The effect is 
still further increased when the conducting wire makes several 
circumvolutions round the needle, as in fig: 2, and thus an elec- 
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tromagnetic multiplier is formed ; fig. 3 represents an apparatus 
according to my construction, which differs, however, from 
M. Schweigger’s in no essential respects. A A, fig. 3, is the foot 
(>1‘ the apparatus. C C, C C, are two stands which support a 
frame B B, which has a groove on the edge to receive the mul- 
tiplying wire. D D is a stand to support the wire from which 
the magnetic needle is suspended. EE is a metallic wife 
jr^ssed tightly through a hole made in the upper part of the 
stand D D. To this metallic wire there is attached by a 
little wax' a thread of raw silk E F, suspending a double trian- 
gular loop of paper, in which the magnetic needle is placed. 
K ( J is a tube which allows the suspension wire a free 
passage, an ’ prevents the multiplying wire from touching it. 
Below the magnetic needle a divided circle is placed to measure 
tluMleviations. iic multiplying wire is of plated»copper, and a 
cjuarter of a millimetre, or about of an inch in diameter. 
It is (mvered will) silk thread, which prevents any communica- 
tion iTet.weeu the diHeieiit ])art.s of the multiplying wire ; H and 
J are the two ends of tliis wir(\ The use of this apparatus will 
be understood almost vvidiout any explanation. In order to 
multiply the clfoet ])ro(luced by a galvanic arrangement upon the 
needle, it is re(|Misite only to etfect a communication so as to 
make the jneln plying wire a part of the circuit. The effect of 
a disk of cop.K i and of zinc with | urc water as a licpiid conduc- 
tor, was re)'(lv:i ( (I pt-rfectly sensible by this apparatus, and 
it is e,v(m |w)s>:l.{- by its mt? uls to render those galvanic actions 
sensible, win. b i k. weak to product* a marked effect upon 
the prepared or a ^Vog*. When it is required to discover 

nil action wliich i - s ) extremely weak as to oct^asion a scarcely 
visible devialiou, llu; circuit is iiiterrupt<xl immediately after it 
iias been completed, out it is ugain eJfe ded at each time that 
tlic nc(‘di(3 i< .It the jxe,.. of terminal ng* the preceding oscil- 
lation; the apjiaraius may be rem’er' !•' more sensible by 
jmlting a small magneti*-- .lecdh- »j I* '•» the sn.uaiion re- 
(piired to diminisli llu* force with whit h i. ' nnided m.edle 
imids to jiresiU’ve its direction. 

VVlien the multiplier is employed fur modcndely strong elec- 
Iroimignelic action, ihickci conducting wires must pc used. If 
this ])recauliou be neglected, the cliect may l)t< diminished 
instead of increased, owing to the imperlection of the conductor. 
i\l. Scobeck lias made some very satisiactory researches on this 
subject, ill his memoir on electromaguetism, ])ul)lished two 
years since in the memoirs of the licrliii Academy. • 

i\l . Foggendori; of Berlin, a distinguished young philosopher, 
constructed an electromagnetic multiplier very soon alter M. 
Schweigger, and made some striking experiments with it. 
'J’lie exi)eriments of M. Poggendorf having been cited in a work 
upon eloclromagnet>c plienJmena by the celebrated M. Erman, 
\>ubUslied soon ufler the discovery of these phenomena, were 
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known to several philosophers before those of M. Schvveigger, 
which circumstance has given rise to different names for the 
same apparatus. M, Poggendorf has made a very useful appli- 
cation of this apparatus by employing it for the purpose of exa- 
mining the order of the conductors in the galvanic series. An 
account of his labours, is contained in the German Journal, 
the Isis, for the year 1821. M. Avogadro, in Italy, has used tlie 
same plan, but without experimenting on so great a nninber 
of di flerent bodies, his memoir contains some other observa- 
tions which are worthy of being known. By the indications of 
the electromagnetic multiplier, he discovered that some metals at 
the first moment of their immersion in concentrated nitric acid, 
produce an effect contrary to that which is observed in a few 
seconds afterwards ; but this alteration does not occur in dilute 
nitric acid. The metals which have exhibitcHl this property are 
lead and bismuth, lead and tin, iron and bismuth, cobalt and an- 
timony. M. Avogadro states, that the first elfect which occurs 
in a concentrated acid is similar to that which happens in a 
diluted acid, and that it is afterwards that the contrary (iffect is 
perceived. I have repeated these experiments witli lead and 
bismuth, and I have confirmed them by other means, exce[)ting 
only that I have always had at the end of the experiment witli 
concentrated acid, the same effect as that constantly [iroduced 
by the dilute acid. I have also found that the bars oric^ad and ol' 
bismuth which have been acted upon by conceiitiuted acid, gave 
in repeated experiments constantly the same effects as by cliliile 
acid, unless fresh surfaces wevQ given to them before they wtae 
again immersed in the acid; this renewitl of the surfaces may 
be effected not only by mechanical means, but also by diluted 
nitric acid. It also frequently happened that the bars which 
had been in diluted acid, and wliicli had been only slightly 
wiped, gave at first in the concentrated acid a momentary 
deviation in the same direct ion as in the diluted acid, very pro- 
bably on account of the fluid which remained on their surface ; 
they then gave for some seconds the contrary deviation; that 
is to say, the same as that observed when the experiment is 
made with bars well cleaned. At length the deviation became 
such as it would have been, if diluted acid had been employed as a 
fluid conductor. It] is to be remarked that concentrated nitric 
acid acts much more strongly upon bismuth than u|)on lead; 
and, on the contrary, that the diluted acid acts strongly upon 
the lead, and scarcely at all upon the bismuth, '^fhus it follows, 
that the lerd acts as , the more positive metal in the dilute acid, 
but as the negative in the concentrated acid. 

It remains only to explain why the deviation produce d by tlu^ 
concentrated acid does not continue the same during the whole 
of the experiment. As J am travelling, I have not time to treat 
of this, or the analogous experiments related by M. Avogadro 
thoroughly, but I shall content myself vvitli having conlnbuteil 
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to call the attention of philosophers to this class of experiments 
which are equally interesting as regards the theory of solution 
and that ot the excitation of the electric current. M. Avogadro 
mentions also that arsenic acts with respect to antimony as a 
positive inetaj^ in concentrated nitric acid, .and as a negative in 
dilate acid. This phenomenon appears interesting in relation 
to the chemical effect of this acid upon the two metals in its 
different degrees of concentration. 

Among the experiments to which the electromagnetic multi- 
pher gives rise, it may be stated that by its use, \ve may 
show, that when two pieces of the same metal are immersed in 
an acid capable of acting upon them, that which is tirs>t immersed 
acts towards the other as the most positive metal ; this experi- 
ment is extremely well performed with two bars of zinc and 
diluted sulphuric or muriatic acid. It would be pxtremely inte- 
resting to examine the electromagnetic changes which take 
place during every peri<Kl of the action of acids and alkalies 
upu!>^4lH^ metals, and nothing affords greater facility for this 
purpose than the electromagnetic multiplier. 

?s[()/ice read al ( he Acadetui/ oj' »Sciencesofso)n€ new Thermoelectric 

Evperimenf s made bt/ di. Lc liarnu Fourier and M. Oersted. 

I have had the honour of exhibiting to this illustrious Aca- 
demy the remarkable experiments by which ]M, Seebeck has 
shown that an e lectrical mirrenl may be produced in a circuit 
formed of solid conductors only by disturbing the equilibrium of 
the caloric. Wo are therefore in possession of a new kind of elec- 
tric circuits, which may be called thermoelectric circuits, thus 
distinguishing them from galvanic circuits, wliich may in future 
be denominated hydroelectric. On this subject an interesting 
question arises res]>ecti ng electromagnetism, and which relates 
also to the llieoiy of the motion of heat in solid bodies; tlie 
ipu'stion is to examine whether the thermoelectric effects may 
be increased by the alttu-nate repetition of bars of different mat- 
ters, and how it will be necessary to proceed to obtain the 
sum of thestf effects. It docs not appear that the author of the 
discovery of the thermoelectric circuit has as yet directed his 
researches to this point. But ]\l. Le Baron Fourit^' and I agreed 
to examine this question tt)getlier experimentally. . 

f he apparatus with which we performed our first experiments 
is formed of ihrc^e bars of bismuth, and three other of antimony, 
ulternalely soldered togetlier ; so that they form ^au hexagon, 
and thus "constitute a complex thermoelectric circuit, consisting 
of tliree elements. The bars are about 4*7 inches long, 0*6 of 
an inch wide, and nearly O ld ot an incli thick. We placed this 
<‘ircuit upon two supports, in aii horizontal position, taking 
can* to give to one of the sides of the hexagon the direction of 
the magnetic needle, and we placed a compass as nearly as 
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possible to and beneath this side. By heating one of the soldered 
parts with a taper, we produced a very sensible effect upon the 
needle. By heating two soldered places which were not conti- 
guous, the deviation was considerably increased ; lastly, when 
the temperature was Raised at the three alternating solderings, 
a still greater effect was produced. We also employed an 
inverse process, reducing by means of melting ice the temper- 
ature of one or more of the solderings of the circuit to tlie freez- 
ing point. It will be readily conceived that in this process tlie 
solderingls which are not cooled are to be considered as heated 
with respect to those that are. This manner of making the 
experiment admits of ascertaining by different processes the 
requisite comparisons for discovering the laws of the power 
investigated. 

Employing the action of ice and that of flame at tlie same 
time ; that is to say, by heating the three solderings which were 
not cooled, we produced a very considerable effect; the devia- 
tion amenmted to 6*0 degrees. 

We afterwards continued these experimenis with a stronger 
apparatus, composed of 22 bars of bismuth and 22 of antimony, 
much thicker than those of the hexagon, and vve satisiied our- 
selves that each element contributes towards the total eflecl. In 
order to make some other experiments, we interrupted the circuit 
in one place, and soldered at the extremities of the separated 
bars, small brass cups which vve filled with mercury, in order to 
have a ready mode of forming a perfect communication between 
these two points by means of metallic wires. A copper wire 
nearly four inches long, and 0*04 thick, was nearly suflicient to 
establish an entire conaniinication ; and tw^o similar wires, one 
by the side of the oilier, eifected a most perfect communication ; 
a similar wire, about 40 inches in lengtli, also elfected a pretty 
good communication, but a platiua wire, O’OIOGS ol' an inch in 
diameter, and nearly 16 inches in length, occasioned so imperfect a, 
communication tliat the variation amounted to only one ilcgree. 
A slip of paper moistened with a saturated solution of soda, com- 
pletely interruyited the communication. Tiiere was no chemical 
action ; nor did we observe any sensible igriitioxi as might have 
been expected in an apparatus capable of jnoduciug so great an 
electrpmagnCjjic effect. We may also add, that tlie sum of tlie 
effect of all tlie elements of the complex electromagnetic circuit, 
is much less than the sum of the isolated eflects, whicli may be 
produced by employing the same elements to hirm simple 
circuits. 

1 shall now give a detailed account of the experiments 
referred to in the above communication, accompanied with some 
further observations. 

The bars which w'ere employed iu the following expmiments 
were parallelepipeds, tlie transverse section of whicli was square, 
each side being nearly 0*6 of an inch iu length. 
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Kxper. !•— -We formed a rectangular circuit a b c c7, fig. 4, 
one-half of which was antimony, and the other of bismuth ; acd 
and abd soldered together, so that the two contiguous were of 
antimony, and the other two of bismuth. One of the sides was 
nearly four a^id a half inches long, and the other three inches ; 
the circuit was placed horizontally upon stands, with *two of its 
sides in the direction of the magnetic needle, and the compass 
was placed upon one of them. Having left the circuit for a 
lime sufficient to regain the equilibrium of temperature, which 
might have been disturbed during the placing of it, ice was put 
upon one of the two solderings, a or dy which unite tlie two hete- 
rogeneous metals. The compass showed a deviation ,of 22 or 23 
degrees ; tlic teniptnature of the air was 57^ of Fahr. ; at a tern- 
peu'ature of b(S^, the deviation was obsei ved to be 30 degrees. 
We neglected to note tlie temperature of the atiyosphere at the 
commencement of the experiment. We shall, therefore, only 
compare tlie results of experiments made at tlie same period. 

JC.pyfer, 2. — Another circuit, fig. 5, was formed of the same 
length as tlie former; but iiaving the opposite sides of the 
same metal, a b and r d being bisniutli, and a c and h d of anti- 
mony so that the circuit was coiuposed of two thermoelectric ele- 
ments rendered active by ice placed upon two opposite angles. 
I'his circuit produced a deviation ol‘3() to 31 degrees, under the 
same circumstances in which tlie simple circuit produced a 
deviation of 22 to 23 degre‘us, Tlie temperature in this circuit 
lias its ecpiilibriiun soon restored, so tliat the thermoelectric 
etfect appears w eaker than ii would do without this circumstance. 

Ihjicr. 3. — A ( ircuit A B C D, tig. (i, the circumference of 
W'liich was double that used in the lirst experiment, w as put in 
action by ice placed upon one of the solderings. The deviation 
was only from 13° to 15°, umler the same circumstances which, 
Aviih the circuit, lig. 4, gave 22 or 23 degrees. 

Ab/icr. 4.-- Aiiotlier circuit, lig. 7, was formed, of the same 
huigth as the preceding, buv, it had four alternations, or four 
thermoelectric elements a b {a being the antimony, and b the 
bismuth). 3'his circuit was put in action by placing ice upon 
every other soldering. The deviation of the needle amounted to 
31 degrees, under the same circumstances in which tlie simple 
rirc.uit of ecjual length produced a deviation of luily 13jto 15 
degrees, but the circuit iis(id in Exper. 2, fig. 5, which lia(J only 
lialf its circumference, and half the iiuiuber ol elements, pro- 
<lu(*ed nearly the same ell’ect as that obtained in this experiment. 
34ius it appears, which w'ill be conlirmed in the seqyel, tluit the 
deviations of the needle produced by the Ihennoclectric circuit 
iiicniaso with the number oftiie elements w hen the length of tlie 
circuit remains the same, but tliat they become weaker in pro- 
portion as the length is iiicreasiaj. It is also evident, and it 
will be rendered sjlill more so in the sequel, that these twai 
etfects balance each other; so that the effect of a circuit is not 
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altered, wlifen the length of the circumference increases in the 
same proportion as the number of the elements ; or, in other 
words, elements of equal length form circuits which produce 
equal deviations, whtitever may be the number of the elements. 
We confirmed these results by comparing the effects of two, 
three, four, six, thirteen, and twenty-two elements. 

In order to form complex circuits capable of producing a 
great effect upon the magnetic needle, it will be necessary to 
employ very short elementary bars ; and to avoid the inconve- 
nience which follows from the restoration of the equilibrium of' 
temperature which happens too rapidly in such small circuits, 
the solderings must be placed alternately in contact with conti- 
nued sources of heat and cold. There is still another increase 
of effect in the complex thermoelectric circuit, which is not thus 
limited by the length of' the circumference ; but before it is men- 
tioned we shall show the relation which exists between the 
different elements of the complex circuit. 

Exper.o, — We examined the effects of the circuits by cx. jling 
first one, then two, afterwards three, &.c. of the solderings 
which were rendered active ; and after several experiments, we 
found the mean numbers. to be as f'ollow : In a circuit of three 
elements, the first gave a deviation of 15;^; the first two ; 
the threti together 31*^. In a circuit of four elements, the K^e 
placed upon one soldering gvxve a deviation of 13^-^; upon two 
19^; three 25*^; four 31 a"^. In a circuit of six elements, tlie 
first gave a deviation of 9° ; the first two 13J^; the first thrc(i 
the first four 22^ ; the first five 25j^; the six togeth(3r 
28 a^ • 

It will be observed that the deviation produced by the first 
cooled soldering, is nearly represented by doulile the quotient 
obtained by dividing the total deviations produced by the cir- 
cuit, when all its elements are put in activity, by the luimluu* o!’ 
elements plus one. It is also evident that the other iminhers 
nearly approach the value of the simple (juotieiit; but still they 
appear to form a decreasing series. We are now alluding to the 
deviations measured by the angles, and not of the real extent ol' 
the effects. If it were not neccvssary to regard the different dis- 
tances of all t!ic points which act upon each other in the ditfer- 
ent positions^ of the needle, and even to consider what may be 
the rpciprocal situation more or less oblique of tlie edgi^s of the 
conductor and of the needle, the effects might be represented 
by the tangents of the deviations. It is, however, rernarkabhg 
that the experiments which we have made indicate a constant 
relation between the deviations. If such experiments as we 
have hitherto had an opportunity of performing were susc'ejitibie 
of greater exactness, consequences interesting to the tlieory 
would undoubtedly arise from them. 

Kxper. (i. — Thermoelectric action may be rendercKl sensibh' 
by means of tlie electromagnetic multiplier. In order to piodiu e 
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this efiect, one of the two pieces of metal, </, fig. 8, is combined 
with two pieces of b, the other, so that this arrangement consti- 
tutes a broken circuit, the two ends of which are of the same 
metal. After having put some ice upon one of the solderings, a 
communicatiion is established between the two pieces b by 
means of the multiplying wire. * 

1 he effect of this is sensible upon the needle of the instru- 
ment, but yet it is very weak ; weaker, for example, than the 
effect of a piece of copper and silver with water as a fluid con- 
ductor. 3 he efiect is reuidei e'd more evident by communicating 
afresh impulse to the needle, at the end of each return after a 
former impulse. t 

d'he extraordinary weakness of this action is very remarkable. 
We learn from this result that the same theiinoelectric elements 
whicli produce a gri“at elK'ct upon the magnetic needle of the 
compass, when their coinrinnhcation is made by a short and 
thick conductor, act but very little oven upon a much more sen- 
sihlt?" needle, wlien the commnnicatioii is made by a thin con- 
ductor of considerable leiigtli. A hydroelectric current excited 
by a piece of zinc and silver, with water as a fluid conductor, 
produc(‘s an idfect upon the needle perhaps a hundred times 
griiater than that of the thermoelectric current; nevertheless the 
etlect produced by the former upon tike needle of the compass, 
veil whe n tlie communication is made between the elements by 
the best condu<‘tors is scarcely scni-^ible ; while tlie effect of the 
latter upon the compass is not only sensible but considerable. 
All this marks a vary important property of the thermoelectric 
i-urrinit, wliich indeed might have lu^eii Ibrescen by theorv, but 
which experience should confirm ; that is to say, the thermo- 
electric circuit contains the electric, powers in much greater 
quantity than the hydroelectric circuit of etjual size ; but, on the 
other liand, the intensity of force in the/oriner is imicli weaker 
than in the latter, v^iuce the first electromagnetic experiments, 
it has been clearly seen that the deviation of the needle pro- 
diuatd by the idectrical current would be regulated accord- 
ing to the quantity of electric power, and not by its inten- 
sity. Thus* the considerable deviation wliich the tliermo- 
electric current produces is an indicaiion td* the great quan- 
tity of pow^r wliich it contains. As to the rJitensityp it is 
universally acknowledged, that an electric current pervades con- 
ilu<*tors so much the nuu’c leatlily as it is more intense : the hydro- 
electric current which more easily pervades the wire of the multi- 
plier tluin the ih(*rmoelectric current <loes, must, tlierefore, be 
more intense. Tlie much greater quantity of electric power which 
must be admitted to exist in the thermoelectric current, will form 
no objection to this reasoning ; fc»r it is perfectly evident that in 
tlui case in wliich a cniTent A; of intensity equal to that of an- 
other cairient but greaU'r in (piantity, is presented to a con- 
ductor sullicient to transmit tlie quantity of B only ; this 
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conductor must be capable of transmitting a part of the current 
A equal to the current B ; and if we suppose A to possess a 
stronger intensity than B, the transmission of the former will be 
still greater. 

Exper. 7. — ^We tried the effect of the complex circuit upon 
the needle of the multiplier, and we found it considerably aug- 
mented, by increasing the number of the elements of the circuit, 
even in cases in which the number did not increase the efiecL 
upon the compass. We obtained this result by experiments 
with G, and 22 elements. It appears then that the intensity 
of the power increases in tlie circuit with the number of the 
elements, which is perfectly confoniiablo to what happens in 
Volta^s pile. The circuit liad no sensible cilbet upon the com- 
pass when the communication was made by the multiplying 
wire. 

Exper, 8. — A platina wire, about 0004 of an inch in diamt;- 
ter, was not ignited by a thermoelectric circuit cmnjjosed of IG 
elements, but which was nevertheless enpabhi ol* causing* lln^ 
compass to deviate 28 degTces ; yet a hydroelectric circuit pro- 
ducing an equal effect upon the compass, was quite sidlicienl to 
ignite the same wire. This difference is derived fro)\i the to<» 
weak transmission of the thermoelectric current by th(‘ [daiina 
wire. During the couimunicatioii eilecOK.! hy this wire, tin? 
needle of the compass indicated only 2 or 8 degrees of deviation. 
An iron wire, about 0*(J08 oi’ an inch in diameter, was nol 
ignited. The communication ertbeied .by fhis wire* prodiuaMj a 

f Teater deviation than the platina wire, but oiily by o degre e s. 

Ve must wait (or the current ])roduccel* by a tliennoelec l i ie'. 
apparatus composed of several hundred elements, bere)re* we 
shall be able to ignite a nndallic wire. 

Expel , 9. — AVe were unable; te^ prorluce any sensible; elu‘- 
niical action by the tiiermejedectric circuit ; those lleiids w hiedi 
have the greatest conducting power resist eel its actie)n ; 
fur instance, nitric acid, solution o(* soda, and many ineUnllie: 
solutions. W^e shall meniie>n only one of these ex ja rimeuits, 
which, frequently rejioated, appeared to pre^duce se>me chemieuil 
effect. We placed a piece of blotting paper moistened with 
solution of sulohate of copper between two perfectly new live» 
franc pieces ; Uae precaution was taken to put the two pieces in 
contact with the paper on the sides whicli had similar im[)rcs- 
sions, and the thermoelectric current was passed through the 
two pieces of metal and the moistened paper, lu a (piarter of 
an hour some parts of the silver were slightly covered with 
cop:>er. But as this trace of metallic precipitation did not resist 
washing accompanied witli slight friction, we are disposed to con- 
sider tliis experiment as too questionable. During the time that 
the two pieces of silver with the pa[)er formed ])art of the cir- 
cuit, not the slightest (;ilb<*t was produced up(>n the compass, so 
that this small piece of moistened paper may be said to have 
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entirely interrupted the thermoelectric current. In a state of 
sucli perfect isolation, no sensible chemical effect could be 
expected. From the slight intensity indicated by the multiplier, 
there is reason to think that it would require an electric circuit 
of many hundred elements to pervade a “fluid equal^ well as a 
Volta’s pile formed of four or five elements ; but it is very pro- 
bable that such an apparatus will produce effects similar to 
those \vhicli may bo expected from hydroelectric piles, the 
metallic elements of which arc enormously large. • 

hrper. 10. — The action of elcctrictd currents upon animal 
lioclies is one of the most remarkable which it exerts. The: 
thermoelectric circuit excited no sensible taste, \^’hen it wa.^ 
made to act upon the tongue ; l>ut upon a prepared frog*, it ju*o- 
fluced effects of two slightly (iificrent metals ; this result evinced 
that the nerves of a frog are exe.elleiit conductor^. 

I'lrpcr. 1 1 . — /V thermoelectric, circuit of 13 elements produced 
no ('lf,'c1. upon i]]v. uK)st dt'licate elcelromelers ; nor did Volta’s 
coiHlenser iinerjuiAdeally indicate signs of eloctrijuty in this 
eirciiit- Hut we ai'knowledge that v/i‘ did not repeat this expe- 
riimuit sf> often as it deserves. 

il.rpcr. !*i. — The ex[)ei inuiiits which we have related arc sutH- 
cieiit to jU’ove how weak the thermoelectric current is with rela- 
tion to the conducting power even of the best conductors. 
Anoflier (^xpcaimeut ])V(>(luc(‘d siinilar results under other forms. 
’I’hf' great circuit consisting of a icctangle, the lengtli of which 
\'»as nearly tour tinu‘s its width, was plat'-ed in such a manner that 
tin' two short, sides wore parallel to th.' needle of the compass; 
(In^ compass was placed on one of these sides, and the two adja- 
cent cleanents weia. rendered active. After having observed the 
deviation of the in‘Cflle, a conununicati(Ui was effected between 
the ai'tive parts fm thest. from liie (*ompass by means of a copper 
uirc, so that all tin? activt; jrarts might l>>rm a separate circuit. 
Aft(U’ tliis diminution of (ho circuiufereiu'e of the circuit, the 
needle indic'aited a stronger action ; this (effect would not have 
been very evidcail, if tin; trausinissioii of the thermoelectric cur- 
rent were iioj: so ditlicult even in the metal, that a difference of 
])assage (^f two or three feet could produce so considerable a 
clccuige ill llie effect. It must be observed tjiat the same 
<*op[)or wire employed to effect the communication, •when 
some part of the whole circuit was interrupted, would pro- 
ducii scarcely the same effect as the imun diate junction. Whem 
the part- of the circuit furthest from the compass was riii- 
(h'red active', and a similar communication was iitfected, the 
deviation of (he needle diniinislicd. However, this difiicully of 
transmission is unattmided u ith any thing that ought to occasion 
surprise. For (In^ (dee-tricit y jn a ciriuiil <»f cemducte^rs, in con- 
seepumee of their contact , must flow in proportion us it acquires 
the intensity requir^ite to clear the passage in these conductors ; 
therefore tliis electricity never acquires sufficient intensity to 
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pervade the conductor with facility, but it will constitute a cur- 
rent as soon as the circuit does not oppose the obstacle of very 
considerable isolation. It is easy to perceive that the quantity 
of electricity developed by this continual excitation which exists 
in the circuit, ought to be so much the greater as tl?e <*jrcuit is a 
more perfect conductor. Thus the thermoelectric circuit sup- 
plies an incomparably greater quantity of electricity than any 
other circuit which has as yet been invented. If by other circuits 
water, the acids, and the alkalies, have been successively decom- 
posed, it is not beyond the limits of probability, that by iiieaiis 
of a new circuit, w^e sliall be able to decomposti (w en the metals, 
and thus complete that great change in chemistry which com- 
menced with the pile of Volt a. 


Article VIII. 

Anfih/si$ of the Native Safphale of Iron and Almnnia, 

* % U. Phillips, FRS. L. and E. &e. 

Until after J had completed the analysis of this substaiire, 
I was not aware that it had been noticed in any work on mine- 
ralogy : I find, however, tliut it lias been described in tlie ‘J llli 
number, p. 97, of Mr. Sowerby’s Exotic Mineralogy ; the spc ca- 
mcii mentioned and figured in this work uiuhir the name of sul- 
phate of iron and argilln, is stated to be from Bachcrstolln, in 
ISchmolnir. Mr. Sovverby mentions that it seems to have been 
mistaken for native alum, but he justly oliserves that it differs 
from alum in containing no alkali, and that the solution yields it 
upon the addition of pptash. 

The salt which 1 subjected to examination originates from tlu; 
decomposition of iron pyrites in slate-clay. It was jireseiited to 
me by Charles Macintosh, l^scj. and is plentifully nu^t with in 
the slate clay of the deserted coal mines of llurlet and (bunpsit', 
which as well known is employed for the double jiitrposii of pre- 
paring alum and sulphate of iron. 

The sul^ha^^^3 of iron and Tilurnina exists in the states of soft 
delicate fiores, easily separable from each other ; it is colourless, 
and its lustre is silky, and it rcseinldes asbestus in appearance. 
It is so extremely light that H>0 grains of the crystals occupy a 
spa<!e equal ,to that of an ounce and a quarter of water. Py expo- 
sure to moist air, the iron is converted into peroxide, and the 
crystals ]>ecoine yellowish-brown. It is reacfily s(>hd>l(^ in water, 
and the solution, as above staled, readily yields crystals of alum 
on the addition of the salts of potash or ammonia. IW sponta- 
neous evaporation, crystals of conmion suLpliate of iron are 
obtained, and the sulphate of alumina remains in solution: this 
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circumstance renders it probable that the salt in question is not 
producible artificially ; but this I have not tried. Crystals of 
common sulphate of iron are sometimes mixed with it. When 
the usual tests of tlie presence of iron are added to the solution, 
the common evidence of the existence of that metal is obtained; 
prussiate of potash j^ives a very light blue precipitate, showing 
that the iron is principally in the state of protoxide. 

One hundred grains of this double salt, cleared as much as 
possible from the small fragments of slate-clay, were dissolved 
in distilled water; the solution was filtered, and four grains of 
earthy matter remaining undissolved, the deficiency was sup- 
plied by an equal quantity of the pure salt. The solution was 
heated with a little nitric acid to convert the iron into peroxide, 
and nitrate of barytes was added to it as long as precipitation 
ensued; the sulj^hate of barytes washed and dri<^d amounted to 
grains, which arc equivalent to 30*9 of sulphuric acid. 
Tile slight excess of nitrate of barytes being removed from the 
soluiriefn by means of sulphuric acid, the solution was decom- 
posed by ammonia added in excess, and the peroxide of iron 
and the alumina w(!re of course precipitated together. 

1'ho auimoiiiaeal solution was examined in order to discover 
whether any miiuih? portion of lime or magnesia was contaimjd 
in the salt, but none was detected; tlui pretupitate was boiled 
witli a solution ofsoda to separate and dissolve the alumina, and 
file peroxide of iron left being washed, dried, and ignited, 
weiglK'fl 23 grains ; but thv. iron exists in the state of protoxide; 
and as 30 of peroxide c onsist of o(j protoxide and 4 oxygen, 23 
are equi\ alent to 20*7 of protoxide, which is of course the quan- 
tity contained in 1 00 grains of this double salt. 

Tlie alkaline solution which contained the alumina was super- 
saturated witli muriatic acid, and the alumina precipitated by 
carbonate ofsoda. When washed and ignited, it weighed 5*2 
grains. 

1 made an attcmipt to ascertain the quantity of water of crys- 
talli/ation by direct means, but it failed ; indeed tlie nature* of 
flu* salt is such as to reixler it scarcely practicable ; for it is, T 
tiunk, more *t hail questionable, whether anhydrous sulpliatc of 
iroii or of alumina can exist; and, at any rate, there is great 
danger i'ither of not expelling* the whole oi the wacer by hyat, or 
of driving off'somo of the acid with it. 

I'rom tlie experiments aliovc stated, it appears that this salt 
consists of 


Sulph!irie acid. . . 
Protoxide of iron. 

Alumina 

Leaving fbr water 


3l)-9 

207 


100*0 
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I repeated these experiments with a fresh quantity of the salt, 
and the results agreed almost precisely with respect to the sul- 
phuric acid and oxide of iron, but there was rather less alumina; 
the difference was not, however, sufficient to induce me again to 
repeat the analysis. • 

I have Jitated on a former occasion my reasons for believing, 
that hydrogen = 1, alumina is 27; and this determination is 
strengthened by the results of »Sir H. Davy’s experiments stated 
in p. 357, of his Elements, and to which 1 have only lately par- 
ticularly adverted. He says that from experiments which he 
made on the quantity of ammonia recpiired to decompose 
saturated solutions of alumina in acids, it would appear that 
the number representing alumina is about 48, and supposing it 
to consist of one proportion of aluminum, and one of oxygon, 
33 will be the* number representing aluminum.” If, liowever, 
the atom of oxygen be represented by 8 instead of 15, then the 
number for alumina will b(^, according to Sir ll. Davy's ex[>eri- 
ments, 25*6* ; now this sufficiently approaches 27 to assist in 
deciding the question whether alumina should be represented 
by 27, or by 18, which latter number Dr. Thomson considers to 
be the weight of its atom. . 

Kepresenting then sulphuric acid by 40, protoxides of iron by 
36, alumina by 27, and water by 9, it will appear that the sul- 
phate of iron and alumina in quc.stioa is composed of 

4 atoms of sulphuric acid . . 40 x 4 = 160 
3 atoms of protoxide of iron 30 x 3 = 108 

1 atom of alumina . . 27 

25 atoms of water i) x 25 = 225 

520 

We may then consider the salt as composed oi’ 

3 atoms f>f sul])hato of iron. 76 x 3 = 228 


1 atom of sulphate of alumina = t>7 

25 atoms of water — 225 

Weight of the atom '520 


On this vieV of the subject, the theoretic composition of thci 
salt vvall be as follows, which, it will be observed, agrees veiy 
nearly with the analysis : 

Sulphuric acid . . 

Prtji oxide of iron 

Alumina 

Water 

Loss 


30*76 

20*76 

5*19 

43*26' 

0*03 


* 100*00 
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Sulpliatc of iron ^43*84 

Sulphate of alumina *12*88 

Water 43*28 

. * 


100 * 0*0 


Article IX. 

On [he Cnisialliiie Forms oj' Art ijicial Salts. 
liy II. J. Brooke, Usq. FRS. 

(To llie Kclitor of tlie Atuia/s of Pliilos(>^)hij,) 
in^AR 

Tii r. hitrtKluetory volume (o the Science of ( Vystallography 
on unu'h 1 huve licc'u lor sevcrul months en^inj;(*(1, having passecl 
tlirough tlie pre ss, 1 propose? now lo resume? an examination of 
tli(‘ crystalline forms ol'tlie urtilicial salts, a subject wliich has 
be(?n hitherto much neglected, and of which, diinng the last two 
years, we have frequently sj)oken. 

As an i ^idene(? ot' tlu‘ negh?ct with wliich the crystallograplii- 
<‘al ehaiiudeis of the productions ol’ tlie laboratory havt? been 
Irtati'd, I. may refer to the* rt?cenl editie>n of Dr. Henry’s Che- 
mislrv; and i rh) tins, not to imjK?ach in the sliglitest degre<» 
the \alue ol’that work, i)ut merely to reijsark, that instances of 
iinpcrlect and usi h ss di script ions othnyst alline forms arf‘ admit- 
ted i!\to M>lunu s otln rwise of great worth. 

The crvstalline iharaclers of tin? artiticial suits will, if strictly 
attend(‘d to. iVecjutuitly^ assist tin? researches of the chemist. 

An examinatit>n ol’tin* form>, and measinV?iiu‘nts of tlie vmgles 
of th(' ca\ ,stairme deposits from ins e\p(?rimental proei^sses, will 
tunmaliateiv inform him whether his experiments have produced 
such results as hi‘ Innl anticipated, orwlietht?r his c()m])Ounds are? 
new and nm*xpected. b\ir this purpose, however, the rellective 
goniom(?1t r must be added to Ihs otln^r impleimmts, and he will 
not fail soon lo eliscover its value in reti rence to his pursuits. 

Ihit to l)(^ provideel with the? means of (dlectually a|)plyhu;' 
this instiunumt, he. must b(? uiapiainted with the forms, and 
tin' nu‘asure?niimts e)l tlie angles ot all tlu* known crystals 
of’ those? salts. During the last .summer, I measured a considcu- 
uhii‘ number t)l tht'se’, most ol whieh I liave" to thaifk you tor 
prot'uring for nw, and Ibr some otlnnxs I am indebted lo the 
kindm ss"*of Mr. ’rt\s(dH*macher. Several 1 also pn pared myself; 
and 1 shall still feel obliged to you,, or to any of ynur friends, for 
nu^asurable i rystals of any of tlu?sc artiticial compounels. 

]Sew Series^ voi.. v.* 2 o 
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With a view to render the descriptions of these as simple and 
as practical as possible, it is not my intention to consider them 
mathematically, and in relation to the theory of decrements. 
The information the chemist re([uir(\s to be nosssossed of con- 
cerning the crystals \t'hich may be formed during his operations, 
is the character ol their simplest orniimaiy forms;* tlieir cleav- 
ages where they can be giv(*n; their modified or secondary 
Ibrms ; the angles at which their planes severally incline to each 
other; >tith occasional notices on their predominating i’liar.u*- 
ters, and on any peculiar habitudes which may be observed to* 
belong to particular crystals. 

Descriptions of several of the artificial salts, founded on tb(*si* 
characters, will form the substance ol‘ this ami some following 
communications. These will be acconipauiecl by ligures winch 
are not drawn'with geometrical truth, and arci intended merely 
as diagrams to whicli the measurerneuls of the crystals may h(» 
more conveniently referred, and which will, at the same lime, 
convey a general idea of the form of the substance desciTt7L<t. 


Crystals deposit ed from the Oil of CuLehs, 


Of the chemical nature of the substance of these* (aystal 
which I received from Mi*. Tesclu niacher, I know nothing. 

The predominating form of the crystals is 
that of an octahedron with a rhombic liasp, 
as shown in fig. 1, measuring as follows : ' 


P on P' about 115^ 45' 

P over plane r 74 5(> 

P on P" 145 40 

v on o .... 105 0 

// on r 151 O 

7* on 90 0 


A 


h! 
{ \ 




Arseniate of Potash. 

The primary Ibrrn of this substance may 
be regarded as a right square prism. 

In the crystals I liave measured, the 
terminal edges of the prism arc replaced, as 
seer* in fig. 2, measuring as follows : 


M on c 7 

M' on c'5 

c on c' * . , . 

*• 


130^ 15' 
122 2 


The predominating form of most of the 




I 

I 

■i 



• The nomenclature of forms, anil the letters placed on the crystals, arc tliosc wliicli 
are used in the introductory volume already alhulti! to. 
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crystals I lia\^e seen is exhibited in fig. 3, 
where the piane iM' is so much less tliaii M 
as to colder on the crystal an appearance of 
the base being rectangular, but not square ; 
thus afiording pne of the nuiaerous instancos 

Avhii h will ];e found among crystals, of de- * 

Aiation from regularity and symmetry in 

tlieir natural forms, by a disproportionate extension of some of 
tluar planes, a cliaracter which would fn^quently lead to an 
hiaccurulc determination of their forms, if the goiiiometer were 
not resorted to. But tlu^ gonioimder will generally correct the 
erroneous eoiu.lusion derived frvuu the appearance ^>f the crys 
tel ; as it has (hine in this instance, by showing tnal Al on r, and 
Ar on r', measure alike, which it is highly improbable they 
sliould do if llici base ol‘ tlie prism were not square^ 

Ch I or (lie oj ' / ^otasli . 

Th(‘ primary form is vni uldiqne rhombic prism, some of the 
( iyst;fls being m*)dified as iu tig*, d. I'he 
cleavage is easy jsirallel to the planes AJ and 
M', and tlui cl(,*avag(' planes are brilliant. 


4 . 


but the only cr/stals 1 have are too thin to 
obtain a el(;a\ age plane [larallel to P. The 
measurements arc us follows 
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Tluu*e is a ])eculiarity in all tin? tuystais I 
have seen of tin’s substaiua^ which I dv> 
not r(?collect to haA e obseiat'd iu any olheis. 
ddiey are [iroiiuced nearly in haha’s, and 
appear to ha\ e rested or been formed on 
j)lanes wliicli >vonl(l iiave passed through the 
mitldlc of the entirii crystal. One of tliese 
natural segments is shown in lig. b. In 


Fi<» 6. 


/•V '• 
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M 
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« r i- 


a (lull *, a; J octairb c,n only oncoF the crystals out ;.f several that 1 have 
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some of these, the front half of fig. 5 is the portion produced, 
the plane / being then up|)erinost. In some of the segments, 
however, there is a slight deviation from this exactness of posi- 
tion of the planes J'ov li. 

r 

Nitrate of Soda, 

Tlie primary form is an obtuse rhonibfiid. 

PonP' mf' o(K 

* P on P" 73 30 

and there are not any modifications on the crystals moasurt d. 
Some of these are lenj^tluiiiod into ajipa- 
rently oblique rhoml)ic prisms, as shown by 
the produced dotted lines in fi^. 7, but this 
disproportionate extension of some of the .,- 
primary planes has been already stated iiot\ ' 
to be unfreqiient among crystals. \ 

I am, dear Sir, yours truly, 

II, J. Bjcook k. 

1 have just learned that Mr. Levy has very 
recently taken uj) this subject, and has mea- 
sured and determined with a view to pul)lica- 
iion, tin; forms ol’iuany ottlie uriiheial crys- 
tals, without being awar(3 of my lia\iug previously occupied 
myself in a similar manner. He has proce eded mathematicailN , 
and will probably still give liis results lo ihc public. ; and thi n* 
can be no doubt llrat he will confer an additional inlcri.st eiillu' 
inquiry. 


Article X. 

A sfrononueal Ol/serrat 1 S113. 

By Col. Beaufoy, PJLS, 

Jiushcif Heathy near Staamore, 

* Latitude 5P 37' 44*3" North. Lungitmlc Wcht in time T SO-Oa". 

April 20, Luicrsioii oi" Jupiter’s lirst 5 ^0* 43" 3Ican Time at Ruslicy. 

satellite ( H 2\ OJ Tvlean 'Time at Greeinvich. 

i\Iay t>. E.ncrsion of Jupiter’.s second J 8 32 iUcan Time at Rushey. 

satellite f 8 27 53 Mean Time at Grceiiwidi. 
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Ahtici.e XI. 

Analyses or Books. 

An Essay OH Ma^nclic Atfractions^ and on the Laics of Torres- 
Inal and Blcctro-]\Ta^nrlisnt y By Peler Barlow, Associate 
in the Society of Civil Engineers, and of the Royal Military 
Academy, i^erond J'^dilwny much enlarged and improved, 

W K have to a[)ologi/e to Prof. Barlow, and to our readers, for 
onr tardiness in noticing this much iinj)roved edition of his 
work ; ljut we sliall now endeavour to cornjiensate for the delay, 
more com[)lete account of it than various circuni- 
stances, whicli it is unnecessary to particularize, would have 
piuinitted ns to have done at an (varlicr period. 

The leading object of this edition, as of the former one, 
although a considerable })oiiion of the work is devoted to elec- 
tromagnetism, is the developement of the matliematical princi- 
ples of magnetism, and their application to the correction of the 
local attraction of vessels, which is of more and more import- 
ance,” tin; author remarks, in the prefact’, as every year is 
leading to some ne\v application of iron in the construction and 
etpiipment of ships of war, and which, if pers(*vered in without 
some mode of correction, w oidd soon rtnider the compass w'orse 
than useless as a nautical instrumtait 

“ It may bt) observed, for example/^ he continues, that 
besides there being at present considcj ably more iron ballast 
than formerly, tlie water-casks arc now replaced by iron tanks 
presenting an inum'use attracting surface ; iron knees, sleepers, 
plati!s, and, in some cases, tluj riders, have Ix’cn introduced in 
lieu of those t»f limber ; vwii tin; hcm[)en cables have been put 
/no's dc scrricc by tlie patent cables of iiT)n, — gun-carriages of 
this metal are at tins moment supjdaiiting those of the usual 
material: the ingenious j)atent ca[)stan of (’aptain Phillips, 
whicdi will (loijblless sotjii bi’come g'em’ially applied, is princi- 
j>ally of iron ; and, although of no considerable mass, is so 
situa'red as to alfect the compass very sensibly ; awd, lastly, it 
seems probable that even tln^ masts are to be attempted in* this 
liiati^aial.” * 

The w ork is now" di\ idetl into three parts ; the first contain- 
ing the greater portion (»f the matter constituting the former 
lalition, of which some ac'couni was given in the Annahy O. 
vol. xvi.p. 2!M — 307, with tlie a<idit ion of some experiments on 
the local attraction of vi ssels, whit h, by the favour of the Lords 
of the Admiralty, the’ author has been enabled to make on board 
several of his Majesty’s vessels, <ind of the results on the same 
subject obtained* by* a series of observations in his Majesty’s 
ship Leven, during a voyage to, and survey of, the western 
coast of Aiiica. Prof. Barlow has also appended to this divB 
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sion of the work, his papers, On ihc Effects produced in the 
Mates of Chronometers by the Proxitnity of Masses of Iron and 
On the anomalous magnetic Action of hot Iron between the 
bright and blood-red Ileatf first published in the Phil. Trans, 
for 1821 and 1822; and already noticed in the Annals, 

After describing llic additional experiments and observations 
on the local attraction, which fully confirm liis former conclu- 
sions, Mr. B. concludes the consideration of that subjec^t in the 
following manner : 

Such is the present state of this method of correcting tlio 
local attraction of vessels ; and here 1 must take my leave of tiu* 
subject, on which I have already bestowed much time, and 
have incurred some pecuniary <!harge in carrying* the experi- 
ments into execution. 1 have, 1 trust, shown very clearly by 
the results reported in the [)receding part of tliis secti<m, parti- 
cularly in those of the Barracoiita, that the errors arising from 
the local attraction are of such a nature and amounti^ as to 
require correction. I have also explained a simple method l)y 
which this is ])roposed to be elfectcd ; and I have given testi- 
monials of its ellicacy, in a case where it was submitted ii) trial 
<luring a voyage of sixteen months.” 

The second part of this b^ssay contains A Eheoretical Inres^ 
tigation of the Eatrs of Jndueed and I'errcst rial jSI agnet ism f 
consisting of the fi)Uowing sections : . Invc^stigation of the 

laws of magnetism peculiar to iron bodies — Oi’ the hori/ontal 
needle — Of the dipj^ing needle — Oeneral results. II. On tlu) 
change of magnetic intensity of a lu^cdU^ as nfibeted by iron 
spheres. III. On the magnetic action of j^ars of iron — Supple- 
iiieiitary experiments on the action of iron pleites. IW Appli- 
cation of the preceding formula*, to tlui magnetism ol* the teiies- 
trial sphere. V. On the situation oi the terrestrial magnetic 
axis, and on its annual motion.'^ 

iMr. Barlow* founds tin* investigafion in the first section upon 
the folhnving liypothcsis, Avhich is a modification of that, pro- 
posed by Mr. Boniiycastle in the Philosophical Magazine, 
vol. Iv. p. 1 d2, 44G. 

1. iMagnetic phenomima are due to the* f xistence of two 
Iluids in a greater or less degree! of combination, and siicli, that 
the particles of the same fluid repel, and thf)se of an oj)[U)site 
nature attract, ( ach other. 

2. These fluids in iron bodies exist naturally in a slate (4’ 
combination and eejuilibriurn, till that states is disturbcjd by sonuj 
exciting cause. 

i). But if a body, already lijagnotic, i. c. oiu! in wdiicli tin*, c! 
iluids are held in a st;jte oi' separiiti(m, bc! ln*oug*ht within tlu! 
vicinity of a mass of iron, such as is supposed above, the ccaicc n- 
tratf'd action o('(’;k4i fluid in tin*, magnetized bo^ly will act upon 
the latent fluids in the c jinesca'iit btxly, by it p ‘lliiig t.b.os<! of the. 
same, and attracting those oft In* contrary kind, and. thus impress 
upon the lattfu* a tcmporaiy state of magnetic action, w liich w ill 
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reinuiii only while the two bodies maintain their respective 
situations. 

4. The quantity of action thus impressed iipgn the iron body 
will depend, ///.s/, iq)on the iuteiisity of the exciting magnet; 
srr(}?iflff/, iqxvn tlie ca[)acity of the quiescent body for magnetism, 
or the (juantity of those fluids contained in it; and, third/j/, 
upon the cohesive' power of the inju, which latter quality deter- 
luiiKis the depth to which tlui exciting magnet is able to disen- 
gage the two fluids. 

Tin; above eiubraces every case ; viz. of aiiv inagbet, natu-* 
ral or artiiicial, developing the magnetism in any given iron 
body ; ])ut in that to which our attention will be, principally 
diiected, luunely, the displacement occasioned by the magnetic 
actioii of the earth on spheres of iron, we shall find more limited 
in its results, and more susceptible of correct mathematical 
invest i gat ion. 

5. In this cas(^, for instance, we may suppose the action to 
take plac(‘ o?i every particle of the mass in lines parallel to each 
otlu'i*, and corrcsjioiuhng witli the direction of* tlie dipping* 
needle ; also that, every ])articlo is at the same distance from the 
centre of the disturbing force, and consequently that the dis- 
jilact'uuait in eaeli pai liide is equal also ; (-onditions which 
throw grt?at facilitii's into the analvtical investigation of the 
Jaws ot action. 

“ (). lb)r the* Nakii of illustration, let A BCD, tig. 9 (PI. XX), re- 
prescnit a splnu’e ot iroii in its noii-inagnetic, or quiescent state, and 
let C M 1 k‘ tlie liiui in wliich the terrestrial nuignetism is exerted 
I’rom a centre of action, iNl, whicii is at such a distance that the 
diauu^ter of the sphere is inconsiderable in comparison with it; 
then every particle on its surface, and to a certain distance 
within it, w ill be acted upon by cc[ual pow ers, and iii directions 
parallel to each otlier; wiiereby the fluids in t he (piiescent body, 
l)efore in a state of eonfliination, will be sejvarated in each par- 
tiele ; and the two iluids may now, tlu*refore, be conceiviid to 
form two splierical sliells, A e B d, A c' B d', whose centre of 
action will be in r, r', their distance from each other being 
griraler or l^ss, according to the circumstances stated in No. 4. 

y 7. Therefore, in computing the action of such a mass of iron 
in its temporary state of nnuiiietisni upon a difttant particle of 
magnetic Iluid, we mav nd’e'i* it to those ccnties ; we sllall also 
assume, that th(' law ot* action in this, as in all other bases of 
ct'niial action, is inversely as llie scpiare of the distance.” 

'fhe limits to ^vliii'li we are i\ccessarily restricted wall not 
allow us to [)ro 4 aa‘d with oiir author to the iiratiiefnatical deduc- 
tion from tlic foregoing hypotiiesis ul the laws wiiich he had 
priwl 4 )uslv drawn Iroin experiment; nor to his com]>utations 
rc^>pe 4 :iing the lioii/ontal aiul dipping necvlles ; suilice it to say, 
that, tiu', approxpnat i\ e agreement, ot tlieir results with actual 
observation, is of a vtny satisfactory nature. We are likewise 
cumpelled to pass over the second, third, and fourth sections. 
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From the calculations in the fifth section, it appears, that, 
according to the hypothesis, the dip has not an uniform 

increase, but i{i changing now more rapidly than it has ever 

before done since inagnetical observations have been made. Its 
decrease during the lasjt five years has been nearly half a degree; 
and if our. principles be correct,^’ Mr. Barlow continues, it 
ought to decrease nearly the same during the next five years ; a 
short time, therefore, will either confirm or refute the hypothesis 
on which we have founded the preceding computations. Agree- 
ably to which we ought to find in 

1828 the variation 24^ 29' dip 69° 48' 

1*833 24 26 .. 69 21 

The dip, therefore, is at present changing more rapidly than 
the variation ; and it will continue to decrease with tlie lattiT 
for about 260 years, when the longitude o(‘ the. magnetic pole 
w’ill be 180°; tbe variation will, therefore, then be nothing, and 
the dip only 66°, which will be its minimum ; they w ill* then 
both iticrease together for the next 2f>0 years, when tlie needhj 
W'ill have its greali st easterly variation, and will then again return 
towards the north, the variation decreasing, but tJie dij» still 
increasing, for 166 years longcu’ ; viz. till about tin* year 2610, 
when the magnetic })olc will he again cm tlu^ meridian of' Lon- 
don ; the variation will be zero, and the dip beiiig then at its 
maximum will amount to 77° 43'/’ 

Part III. — On kl/ertronf(nxnclis)n. 

This portion of Mr. Barlow’s wa>ik consists of thrcie seelions, 
the first being a sketch of ihc! ]>res(mt stat(j 'of llu' science, in 
which, vifter mentioning the long known facts resp(?cting ih(» 
magnetic agency of lightning, and tluj (^arly cxpeiimeiils of 
Ritter, he concisclv desenihes the Jatci researches and expeii- 
ments of Prof. Oerstcid, Tvl. Ampere, ALArago, Sir 11. IJavy, 
and Mr. Faraday. 3’he secf>nd section relates to the matlumia- 
lical laws of electromrignetism. In the preccMling parts of tliis 
work,” the autlior ohservi.'s, I have attempted to rc(h;ce tlie 

laws of induce<l iiiagm tisni to mathemat ica! j»rineipl*es ; * 

and as soon as I heard of Al. Oei.'^ted’s <!isc‘ov('ry, I was (h'sii^nis 
to establish, on‘similar prinei]>Ies, the law of ele(:tr(.)magnetism ; 
but it waAs some time before I w’as able to construct an apparatus 
convenifhit for tlie purpose. Having, however, at length effeeJ.tul 
this necessary pr(4iminary to my satisfaction, I procecchal to 
make the course of experiments, and to under take the investiga- 
tions whicli form the subject of tlu; present section.” 

My first oljject was to rijpeat very earef'iilly all the experi- 
ments of M. (^c‘rsted, MAI, Ampe*ni and Arago, of Sir II, Davy, 
and Mr, Faraday, with some others suggested by tlie results 
thus obtained ; and having attentively considered all the jiecu- 
liarities of action thus developed, I w'us led to consider that all 
vhe apparently anomalous efiects produced on a magnetized 
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needle by the action of a galvanic wire, might be explained by 
the admission of one simple principle ; viz. ihat every particle of 
the galvanic fluid in the conducting wire acts ois every particle 
of the magnetic fluid in a magnet iz.ed needle^ with a force varying 
inversely as the syuare of the distance ; butdhat the action of the 
particles of the fluid in the wire is neither to attract rtor to repel 
either poles of a magnetic particle, hut a tangential force which 
has a tendency to place the poles of either fluids at right angles to 
those of the other: tchcrehy a magnetic particle, su])posing it under 
the influence ()f the wire only, iron Id a /trays place itself at right 
angles to the hue. let fall from it 'perpendicular to the wire, an^ to 
the direction of the icire itself at that poiid.S'" 

I pretend not to ilhistrale the uieclianical principles by 
which sucli ail action can ])o produced ; I propose only to show, 
tlnil, it such a force be admitted, atl the results oljiained from the 
riiciprocal action of a gahanic wire and a magnetized needle 
may mjt only lie explained, biit computed, and that the results 
agree numerically with experinnait s.” 

dlie galvanic instrument employed Ijy iVlr. Jlarlow diflers 
1‘rom Dr. Hare’s caKn iiuotor merely in the nnadianical contriv ance 
for lowering if into and raising it out oi'tlie iluid ; ‘‘ that part of 
llie ajiparat us vsliich pc'culiarly ap])ertains to the ('Xperimeuts 
I am about to detail,” he says, “ is represented in fig. 10, 
A II is an iijuiglit- .'^land, pla<-ed near the poles of the battery; 
a A, c (f art^ two staples <;i stiuit cropper wire, driven into the 
upright, th(‘ two ('H(ls at, h ami c passing cpiitc' througli, as 
slmwn at and Z; and on whicii two wires are lastene.d by spiral 
Imns, and with wliicrh the communic aticni is made with the 
poles of the baltcny ; e f, g //, are two cojijier wires of the same 
dinuaisioii as the. staples, c-acdi lour feet loic.r, Iraving; their ends 
lialteiu'd and driih'd so as just, to cmalde them to slide freely 
upon 1 lu^ w irt'.s a A, //, and l!n^ viatical pare /‘A, also roiir feet 
in haigih, wliicli passes thnuigh a. Iiole in tiie top of tlie table 
i'C* II I, and so light as to rendca it piafectly fixed. On the 
])lane r)t'the taiile, which is two fee*! in ?>(piar(‘, 1 lie circle N J^ SW 
is (hrscribed about, the c'enti’c? (», aiid divided into tlie points of 
th(‘ com[)ass*and smaller divisions; N S is an index or box 
rulei;, thiongh which 1 he wire /‘A passes, so that the former may 
bci tunu'd IVca'ly about the latter, and set to any 'proposejl azi- 
inutli. On this nih r is placial thc^ small compass r', by pieans 
oi’wliicli tlie. deviallou at any given lime may be taken ; is 
a n(.»l Ina' caunpass placcal on thir top of the support L c'% and is 
intended to riuna.in fixed in its place*, in order t^ serve as a 
standard f‘or estimating and comparing tlie ]>ower of the battery 
at diderent, times.” 

“ I’or llu^ piiiu'ipid e\p(*rimenls, this apparatus is placed so 
that the plame of llu' rectangle ^(»f wirc^s is perpendicular to the 
magmdic*. meridian,; because in this position the horizontal 
wires btnng east and west, they have no effect in deflecting the 
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needle from its direction (at least there is only one exception to 
this, which will be noticed hereafter), and consequently all the 
effect produced upon the needle during the rotation of the index 
in the circle N K S W, is due to tlie vortical wire (Uily, except 
so far as the hori/onta^i wires may increase or diniiiKsh tlie direct- 
ive power 'of the needli*. This, however, in the cases to which 
we shall refer, is veiy inconsiderable/’ 

But in order that we may know precist^ly what part of the 
change of deviation between one situation of the compass and 
another, is actually due to that change of position, recourse 
must be had to the standard compass, which, always remaining 
fixed in its^ position, may be used as a constant indicator of tlie 
strength of the battery. But as the application of this measure 
to computation is involved in principles not atpn'scnt explaiiKMl, 
it will be proper tirst to inform the reader of the means wthcii 
1 employ in the tirst Instance to preserve an uniformity of action 
during every separate course of experiments. These \ycre as 
Ibllmv : — 

The vessel which contains the dilute acid, into whicli the 
plates arc immersed, holds nearly 20 gallons; and I begin the 
experiments with littlcj more than 12 gallons ; moreover tlui 
plates are not, in the tirst instance, let down to their lowiist 
point. The intensity shown by the standard compass after the 
connexion has been made some minutes, is m>ted ; and by 
breaking oft* and making the contact anew, this same intoisity 
occurs again, the pow(3r being always strongest wlnai tlui cam- 
tact is first made ; thru when the standard eom[)ass re turns to 
its tonner bearing, the ()l)sei vation with the other eonipa^s is 
taken ; the contact broken and renewed, and so on as long as 
the battery retains suffieient power. VVlu n this fails, tlie plates 
are lowered a little mure; the jiower tlnis increased, and th(3 
observations resumed,. t ill at !(Migth the ])liiti3s be ing wlndly down, 
and the power too weak, r<3Cour>.e is iiad tt) a supply of more 
dilute acid ; by which means a tolera})ly steady action is kept 
up longer than is necessary for any series of exjieriments of this 
kind. It will l)ci <>]}scrved here, that in tliis case the only nsii 
made of the standard conquiss is to indicate tint ////(’;/ •//// 

of (ictioHy unci consequently involves no theoretical principle that 
will be objected lo by t)u3 most scrupulous theorist or olxserver, 
but it will be s(3en in subsequent articles thiit this indicator is 
susceptible of a more extensive ajiplication.” 

Prof. Barlow having tlius described liis nuithod of exjx ri- 
rnenting, no^w procajods to exjilain the princi])]es of eompiitat ion, 
and to compare the numerical results thus obtained, with th.os(; 
derived from experiments. 

According to the hy|M>t luisis, if conceivrj the wircMii the 
first instance to be vertical, and the compass placed to th«' 
north or south of it, and opjmsite its iniddh* p(jint, the centre of 
action will lie in the horizontal plane, and at right angles to the 
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natural horizontal direction of the needle. The latter, therefore 
(which, for simplicity sake, we shall at present consider as inde- 
iinitely short witli regard to the distance), will, at either of those 
points, he acted upon by two rectangular forces ; viz. the gal- 
vanic torce ii\ an east and ^vest directio*n, and which Ave may 
ileiK^te by /, and the natural magnetic or directive force rn ; 
<‘onse{|ut'nt]y, a(*cording to tlm principle of forces, the resultant 
w ill b(j (!xpi e>.sed by \/ (J- -p yy/ ’) anti tlie angle Avhich it makes 
with the natural direction of tiu‘ needle, being called A, Ave 
.shall have 

tan. A=: *^ (1) 

JfcHcr ihr nHigHelic f one bemg consiont, ihe fattge/if of the 
(Icvial ion nt the north or south tritf hr a correct nirnsnrr 
i]!' the ga/rnnic poii rrJ' •* 

\\ o have tlius it nrin< i[)lo by means ofAvhich Ave may A^erify 
a j.)ai't at, least of our theory by experiments. kor example ; 
since by the suj>po.si(ion tiverv j>artiele of the. galvanic vi^rtical 
wire acts invi rsely as the square ‘)f its distance from a given 
point, we ought to tind a determined rc'lation betwaxm tlie tan- 
g(uit of de\ iation and the Itnigih of the* wire; or the length of the, 
wirti remaining eon. .taut, ])et\vet'u tlnr tangt'Ut of deviation and 
tin.’ distance', provided always tliat the intensity of the buttery 
reiua in constant 

'The. a[)paratns already explained furnishes us w’itli the o)>por- 
tmiitv r*f making ]u)th tin* a* eomparisons. Inu* by means of the 
sliding }iorj/(.>uial uuds, tiie vertical <-onduciing* pari of the w ire 
may be shortcuu d in an instant ; and, in tlie second case, it is 
only nect'ssary to slide up the compass to diflerc nt distances, 
w hicdi may likew ise he (bme so quickly, that it will not be neces- 
sa.ry (w (’ii to hav'C ix'conrse to the standard c'.o.mpass, ’ 

It is fortunate uNo that t^n* c’alcula vion here alluded tc^ is n( 
t-u* sinq lest, kiiul. i'er (huK-bog the length e.f the wire* by 2 /, 
and Ihe distaiu'e (d' the <'ompa-cs by d; as.'^umiug also .r as any 
Aariabf* length, the' coriespoudiug (•lenient arv actiiiii at tins 

di'damo wdl he and the sum of tltese actions will he 


./ 




* arc. tan. 


wliirlv when .r vanislu's ; nt.tl \.liicli, then-tbre, when 

*> / 

\ /, and tite two huigths are included, bc eomes arc. U\n,-^ 

consc'(piently if wo di'uote i lio / Icviat ion , as w e have done vdiOAU', 
hy A, we ougid to (hul tliis force vary inversely as tan. A, or 

A V ••lie. '.I ~ qmuitiiy. 

({I c? 

i’.e tbiln\\ lag art', a few out «d* numerous e\'periments c»f 
tliis kind wiiich 1 have nuide, and which have been all found 
(•qually s;div.{md ory . ^ 
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Analyses of Hooks. 

Experiments to determine the Mag7ietic Deviation caused hy a 
galva 7 uc vertical Wire at dijfere7it Dista7iccs. Length of ver^ 
tical Wi7'e 30 l/iches. 


Deviation by Distance of the 
standard com- other compass 
pass. from tlie wire. 

IVtcan * obscr- 
ed deviation 

A. 

r’^aluc of arc. 
a 

— tan. — = A. 
d 

|( Constant pro- 
duct. A cot. A 
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12 inch. 
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When it is considered that these observat ions were made on 
a coni'^ass needle only one inch in length, and that the divisions 
extenced only to quarter points, it is impossible to ex}>ect a 
closer approximation, ’^ilie needle and card, however, being 
delicately suspended, and .the latter vory distinctly divided, 1 
could depend upon my observations to the nearest degree : for 
by means of a strong magnifying power 1 could always bisect 
and trisect the quarter points without any very sensible error.” 

IVIr. Barlow ne.xt givt.'s some expo itne/f/s /o deler/ftitie the mag- 
ndic (lec/atioii cau sed hy ft vert teal ga/ratde n'ire ; the fettgth 
heitig varied, hut I he, di.'^lauce eon^tcDit (y uiuc itiehes ; and Jiaving 
thus far verified Jiis liypotht‘sis liy exju rimeiit, lie proceeds to 
the consideration of the deviation in ditferent azimuths ; Imt as 
the limits to wliieli we are confined will not allow us to follow 
him, we must terminate our notice of tlie sec'dioii with sonu'. of 
his concluding remarks. 

iMy results,” he says, are necessarily only approximate ; 
because I have throughout supposed the needle indefinitely 
short in conipaiison with the distance and length of the wire ; 
but by tliis means I have, rtmdered the subject perfectly intelli- 
gible to every one; whereas had 1 taken the actual case of the 
ieci])rocal action ot (wery particle of the fluid in the wire upon 
every particle in th(i needle, and liad been a})le to compleb* the 
inverttigati(>n, it could only have been undeist.ood by a few 
mathematicians; at the same time the minute corrections thus 
introduced wouhl not liav<i been a[)preciable in tlie comparison 
of the results with exjieriments ; these lattm* being neta^ssaiily 
botli liable to small irri^giilarities, and difficult to ob^^erve.” 

It w'ill have Ixkui noticed that I have only attempted to 
illustrate the nature of tlie action which has jilace bctwaieii a gal- 

* That is, the mean of two oliservaticms at eaeh station of the compass ; the (‘ontact 
being changeii. 'J'iic same is to be uiulerstoud of the* deviation witli the standard conu 
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vanic wire and the compass, and not that of one galvanic wire 
on another. What modification the hypotliesis may require to 
explain the latter class of phenomena, will be examined here- 
atier. I have hitherto supposed only one species of action in 
the galvanic wire, but it is highly probable that it is compound, 
and that while the north end of the needle is car/*ied m one 
direction by the action we have supposed, the south end is car- 
ried in an op|)osite direction ; not merely as a consequence of 
the first force, but by a distinct power. This will not, how'ever, 
in any respect, afiect our investigation ; because botli forces 

lead to similar results I am well aware of the difticulty of 

cj)nceiviug tlie meclianical principh's by which such a tangen- 
lial Ibrce, as is liere assuirual, can operate; but, on the other 
hand, it must, 1 think, be conceded, that the sim])le pow’cr of 
attraction is equally diliicult to comauve, and tliat we admit it, 
not from having any idea of the tnodus opc/vn/^//, but because we 
tiud that it brads to nr^ults that are consistent with actual obser- 
vaticilis ; and I liave endeavoured to show, in the preceding 
pag(,*s, lliat the force we have assumed is admissible upon pre- 
cisely tile, same ground/" 

3’he third section <»f this part contains a course of (dectromag- 
netic experiments, due to the sovcral ingenious philosophers 
who have interested themselves in this pursuit;"" and in which 
l\Ir. JVarlow endeavours to show their mutual dependencies 
on each other, and tlieir geaieral agreement and particular con- 
nection with the matliematical theoiy advanced in the second 
section.'" 

d'hose are succeeded by addenda (‘) Sect. 12 and 13, Part T. 

On tlu; Magnetic b'ifects of fron Masts on the Compass,’" 
whicli terminate this valuable work, and from wliich it appears, 
that <h(i coutenqdated empb>yinent of hollow iron masts in ships 
of war, in lieu ofllu^se at present in tlic service, will he product- 
ive of no <list urbamu'. on tluj conq^ass, lYndc r any circumstances, 
liut what, may readily bo corrected by the method Mr. Barlow 
lias proposed. 


Article XII. 

Proceedings (f Philosojdticnl Socleiies. • 

llOVAL SOCIKI’V. 

17. — Oil tlic Application of the Liquids produced by tlio 
Condensation of Gases as iMechanical Agents. X>y Sii H. 
Davy, Bai't. PKS. 

It is well known that the elasticity of vapours m contact witli 
the liquids from which they 'arc produced at high temperatures, 
increases in a much higher ratio than the arithmetical progres- 
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sion of the temperatures ; but the i^rcat liberation of latent heat 
by compression, and its absorption by expansion, seem i imder 
the ineclianical applit^atlon of tlKuii at temperalui es greatly 
elevated above •the boiiiin^’ points (>f the respective liquids ol* 
doubtful economy. Ko doubt, however, in this respect, obst rved 
the J^resident, can be * entertained of tlujse vaj)Ours which can 
only be procluced under high pressures, and at common tein])cr- 
atures. To illustrate this subject, Sir llumplny descri'oed the 
results of some expe riments on tin? increase ot‘ elastic force in 
the vapoui;s of s(;vcral oi* tlio c;.'ndensed gast's ; one oftiunn, 
that of liquid sulphuretted hydrogen, which exerts a ])ressiuv 
of 14 atmospheres at becomes cf^ual in pressure to 17 atmo- 
spheres at 

Among* other expen-inumts descrilied in this communication, 
were soiiie in which the author had liquehed ))russic gas and 
sulphurous acid gas, by coniiiiing* tbeiii with a portion of etlier 
in glass tubes over lueacury, and tlion raising* the etlier in 
vapour: — as this vapour condensed, the licpieiied gas rc^siiined 
its aeriform state, and cold was produced. 

Sir Humphry coiicJudcd with some remarks on the probable 
applications in the arts of the condensed gases ; among vviiicli, 
besides their employment as mechunicui agents, la* suggested 
those of impreguating water with huge f[uautities of carbonic* 
acid and other gases, without tln,^ aid of inecJianical pressurti; 
and the ready production of cold, in consequence ot‘ the rapidity 
with which they evaporate. 

At tliis meeting a paper was also read, (hi the Temperature, 
at considerable ileptlis, ofl"res]i-w ater bakes, w ilbin the lVo[)ics. 
By (.'aj)t. lidvvard Sabine, bRS. in a letter to the President. 

Sir II. Davy had recpiested (,'apt. Sabine, while engaged in 
his late observations in the tro'pical regions, to make some expe- 
riments on the tem[>eratitic ol'deep lakes, with a xiew of oblain- 
ing* facts in illustration that interesting olqect of iiupiiry, tin^ 
temperature of the interior of the earth ; no opportimity of insti- 
tuting such researclies Inul, however, (a-enrred to liim, l>ut lie 
had made one experimeiit on the subject, in a pai t ol llie CJarib- 
])ean Sea, whicli, from its contined situation, nearly r^;s(‘mbled a. 
lake; and this experiment he proceeded 1o desciibe, iVtiin (lut 
original memorjyidurns of it. 

At tht^ period of this exi)(!ninent, Caipt. Sabine was on board 
one of hi/; Majesty’s vessels, in lal. 2()° :)(/ i\. and long. bO' 
W. ; between the Caymans, and (Jape Si. Antonio, in tbci Island 
of CJiiba. The weather was fine, with light airs, and the sea not 
swelling in a giieut dcigree. To the liottom of a line of abovti 
1200 fathoms, a strong iron cylimler was listened, the top of 
which screwed down upon leatlKu* in oich r lo prevent tlie eiilraiica^ 
of the water, by the compression of wliich in the cylinder llui 
temperature might be raised : witliin tlie cylinder was a Six’s 
self-registering thermometer, prevented, by mCans of springs 



1823.] , Royal Socicli/, 46il 

from coming into immediate contact vvitli its sido^". Above this 
closed cylinder was lustciued another, full of j)erfoiations, to 
allow the water iVee passage through it, and likewise furnished 
with a lliennoineter. flie line was let out in twen^'y-five minutes; 
and, by tlie lowest estimation, 1(K)() IVithoins, or (JOOO feet, was 
tilt! pcirpendiiular depth to which the cj^lindt rs descended : it 
was drawn back in fifty-three minutes, when, owing* to the cir- 
cumstance lliat the top of the closed cylinder had not been 
screwed down suiliciently upon the leather, tlie sea was found 
lo have entered it.; in this, the ihenmiineti. r marked and 

that ill the perioral etl cylinder l.j*o^ ; the ttanperature of the* 
suriace of tin; sea was from 82'^ to + so that the dilference 

oi‘ its temperaturt! there, and at tlie depth above-mentioned, 
aniuuntijd to + 37°, 

Capt. Saliinc inferred from lliis rt^sult, that at a depth little 
exceeding that at which the experiment wasonadc, the st!a- 
watcr w(ail(l \)c found to have attained its great(‘St density, sup- 
])osing that point to big as in fresb«\vater, a lew degrees above 
iht* free zing jioint. i le lerminatetl the commiini(!ation by some 
remarks on an experiuu ut made by Peroii, the result of which, 
as iixr as it was satisfactory, agreed with his own. 

At lliis meeting, iikevvise, the reading was commenced of 
A (Jonlinuation of Ihof. Ikicklamrs Accianit of the liones dis- 
covered in (,-as es in various J^arts of England. 

April 24. — All Account of b'xperiments made to determine 
the Length ol llu^ Invariable Jhnuiulum at various IMaces on the 
South -^Viucrican Station. Wy Cape, liasil Hall, J'llS. in a letter 
to (Japt. Kater, FlvS. 

The j»laces at which Capt, Hall had ascertained the Length of 
ail Invariabh! pcndiihuu ladonging to the Board of l.ongitudc*, as 
detailed in this paper, were the following: The vulcanic island 
i)f Abingdon, one of tlie Gallajiagus; ihc sea-port of San Bias on 
the luaist of Mi’xico ; and Bio de Janeiu) on the coast of Brazil. 
Hi! stalt'd, among various other circumstance’s, tliat lie ha<l 
unsuccessfully endeavoured to simplilV Capt. Kater's metliod of 
determination ; and he intimated that he purposed to make some 

pi’riment s (jii th(3 actual ellects oi heat ujion the pendulum, 
indejieiideiuly all theoretical consideialious. 

1. — Oil the k'xpansioii by Heat of Guises in various 
States of Condensation and Rarefaction, being -an Ajipe^idix to 
a fornu’r paper on the Application ot the Gases, condensed into 
Licpiids, us Mechanical Agents. By Sir H. Davy, Bart. PBS. 

The (ixpeniucnts ol 1\1AI. Gay-laissac ami Dalton liav'e^ 
shown, that the gases (ixpaiul ecpially lor e(]uakiiicrements ol 
heat, at all temperatures between 32° and 212°; but the lh*esi- 
deut was not aware that any direct experiments had been insti- 
tuted with the view’ of determining whether thc^ same law 
jn-evailed with regard to tlie respective aeriform bodies at difler- 
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ent degrees of density ; and had, therefore, been induced to 
make some researches on the subject, A portion of atmospheric 
air was heated in a glass tube from 32° to 212°, and the space 
which it therf occupied uccimilely marked ; the experiment 
being made witli air, confined by the pressure jof 30 and 65 
inches of ^mercury, it was found to occupy the same space as 
the air under common i)ressure ; the same result was obtained 
when the air was six times condensed, and also when it was 
once, twice, thrice, and fifteen times rarefied. 

, At thi» meeting, the reading of Prof. Buckland's paper, whicii ‘ 
had been begun on the 17th of Ajiril, as above slated, was 
resumed and concluded. 

Mr. Buckland had mentioned, at the end of his former paj)er 
that another cave, similar to the t)ne lie had examined at Kirkdale, 
had been discoven^d at Kirliy Moorsidc, and that it had lieeii 
closed up by thb propric^lor O. Diincombe, ]isf|. until some ([ua- 
lifted person should be present to inspect it in its undisturbed 
state. The author went into Yorkshire to ( xamiiie it, lasf July, 
in company wdth Sir 11. Davy and Mr. Waiburton ; and tlioiigh 
it contained not a single bone, yet its eircumstanecs with resjieet 
to diluvinl sediment and stalagmite were precisely analogous to 
those of the cave at Kirkdal.C; and lully coiitirmed his account 
of, and reasoning upon them. The second part of tliis paper 
related to a fissure of postdiluvian f)rigin in Dumaimbe Park, 
the existence of which had not been known to IMi‘. Duncoinbe 
until the autlior’s laUj visit. It lies open, like a pit-lall (par- 
tially concealed liy bushes), across the top .of a liintislone hill on 
the west side of the valley of the Bye ; its direction is obli(jue, 
and it has several ledges, at diflercnt depths, aiid various irn gu- 
lar lateral openings. It contains neitlx!!* mud nor pcdjbles, l)ut 
upon the ledges lay the dislocated skeletons of various animrds 
that had recently fallen in and ptnished ; comprising tliose ot‘ 
dogs, sheep, deer, goat^‘, and hogs, ^c. They were liot imbed- 
ded in loam or covered with stalactite ; the bones did not adln^rc^ 
to the tongue ; retained much of their animal inattc.T ; and wel•(^ 
evidently mucli more recent than those found in the cave at 
Kirkdale. # 

From the circumstances of this fissure and its contents, Ihof. 
Buckland proceeded to illustrate the origin of the assemblages 
of bonos ill the IMymouth and other tissures and caves connected 
with them. The number of such fissures wliich are met with, 
filled with diluvian detritus, he observ(*d, evinces that ojien fis- 
sures must have been moni numerous in the antediluvian statii 
of the earth Hkiu at present; and as it is the habit of graminivo- 
rous animals to be constantly traversing llic ground, in all direc^,- 
tions, in the act of croj)piiig tlicir food, they would often be 
liable to fall into them, and actually do so in Derbyshire, and ilie 
limestone districts of South Wales ; while carnivorous animals 
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would, from their different habits, be less exposed to such acci- 
dents ; and this circumstance aff ords a probable reason why the 
bones of the latter are less abundant in fissures thdn those of the 
former class of animals. 

In the third’' section of this communication, Mr. Buckland 
described the caves discovered at Plymouth in 1822, ‘referring; 
to Mr. Whidbey's account already before the Society (and 
reported in the Annals for March, p. 233 — 235): the Plymouth 
caves consisted of fissures traversini; the rock in all directions, 
some vertical, some oblicpie; and the reason why several of them 
appeared at first to Mr. \Vliidbey to have had no communication 
with the surface, was, tliat they were first opened at their lower 
extremity, wliero they ended in a cul de sac, and traversed the 
rock so obliquely as not to reach the surface, but at a distance 
from the working' face of the tjuarry. A cave ‘discovered at 
Wirkswortli, in Derbyshire in Pec. 1822, containing the entire 
skeleton, of a rlnnoceros, and the bones and horns, of deer, 
and another at Paviland, near Swansea, containing bones of the 
elephant, rhinoceros, bear, hyiena, wolf, o\, horse, and a human 
female skeleton, with various indications of human habitation, 
were likewise described ; and the paper concluded with an exa- 
mination of several hyj)otheses by which the phenomena of the 
various asscm))lagcs of animal remains adverted to, might be 
explained, showing, that rlic only satisfactory manner of 
accoimtiiig fur tlie presence of the mud and pebbles, is to attri- 
bute them to diluvial origin ; and that with regard to the bones, 
they must be divided into live classes. 

1. 3'hose of carnivorous animals that retired spontaneously to 
llie caves to dit: during successive generations in the period 
immediately preceding the deluge, as in the case of the bears' 
bones in the caves cd‘ Cermauy. 

2. The remains of animals that were dragged in as food by 
beasts of prey during the same period, as in the case of the 
various reiaaiiis iu the cave at Kirkdale. 

3. The remains of animals that fell into and perished in the open 

lissuves and caves connected witli them in the period preceding 
the deluge, as in tlie case, of the bones at IMymoiith and Gib- 
raltar. - * 

4. The remains of animals tiiat Nvere washed in together With 
the mud and pebbles at the deluge, as in the case oi tlie cAtire 
skeleton of a rhinoceros, nea ; \V irks wort li. 

5. The remains of animals Unit have entered caverns or fallen 
inti) open ILssures since the period of the deluge, as ilfT^he case 
of the luiiiiaii bones in the o[)en cave at Pavilami, and the bones 
ofdogs, deer, &c. in the open tissuve at Uuncoiube Park. 

jMay 8. — At this meeting. Prof, (fersted attended, and was 
admitted a foreign member of the ISociety ; and he was justly 
complimented by the •Pre> 3 ident on his briliiant discovery ot the 
Series, vol, v, 2 ii 
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magnetic effects of electricity, for which the Society had already 
awarded him the Copley an medal. 

The reading of Prof. Buckland's Account of Bones disco- 
vered in Caves and Fissures in various Parts of the Continent, 
was cominenced. 

Mai/ 15. — At this meeting, the reading of Prof. Buckland's 
pa'oer was resumed and concluded. 

Mr. Buckland examined the caverns alluded tc' in the summer 
of 1822^, and found that all their characters and phenomena con- 
firmed his former conclusions respecting them and the English 
caves : they all contain either diluvian mud, or diluviaii sand 
and pebbles, covered with one coat of stalagmite only ; the bones 
are imbedded in the mud, Sec. and are oi'ten united with it by thc^ 
infiltration of stalagmite, into an osseous bieccia, resembling 
that of Gibrahar and the coasts of the Mediterranean. The 
caverns are in limestone rocks of different ages and ibrmations, 
and all their circumstances concur to show iliat the bevies they 
contain had existed in them previously to the inundation by 
which the mud and pebbles were introduced. 

The cave at Scliarzfeld, in Hanover, on the west border of 
the Hartz Forest, is in magnesian limestone analogous to that f»f 
Sunderland, being the first fioetz limestone of VVerner ; it is 
situated at the elevation of 500 feet above the level of the near- 
est river, and it consists of one large chamber, vvitli numerous 
smaller lateral connexions. Its floor of slalagmile has been 
much broken up by visitors in search of bones and teeth of bears 
and hyienas, but principally of bears. The lower cavities and 
under vaultings of this cavern have been wholly filled up with a 
mass of mud, pebbles, and bones, in vvliich artificial excavatioirs 
have been made for the purpose of extracting the bones, and it 
is only in these artificial cavities that any bones or teeth are 
found adhering to the sides or roof. In one of the smaller cavi- 
ties, Prof. Buckland found the fractured head of a bear imbeddotf 
in mud, and having a large pebble lodged in the cavity of the 
skull. 

The Baumanns cave situated on the nortli-^ast side* of the 
Hartz, near Elbingrode, is so called from a miner, who, in 1G70, 
went into k in search of ore, and having wandered a!)CMit in it 
thitje days and nights, came out, so exhausted, that he almost 
imAediately expired. It is in transition limestone, and is ele- 
vated about loo feet above the river Bode, and as tliat river 
could not rise ten feet without inundating the adjacent village oi‘ 
KubelafiTiJ the mud, &c. which the cave contains could not have 
been deposited by the floods of the river. This cavern contains 
a great quantity of largo pebbles. The bones in it are partly 
imbedded in loose sand and mud, and partly united with the 
larg6 pebbles into a solid breccia. Those in tlio breccia have 
been much broken, and some of them cihished to pieces (as it 
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in a mortar) by the movement of the lieavy pebbles to which the 
crushed fruj^'ment still adheres united by stalagmite. The bones 
that lie in mud and sand iu the same vault have rtot been thus 
broken. Over the whole there is a crust of stalagmite, like that 
ill the other caserns . ' 

1 he general aspect and slate of the bones in all these caverns, 
and the; c‘ir<'unistances attending them, are very similar to those 
the author had observed iu cavernous lissures at Plymouth, 

, J he cave s in braiiconia are situated in an tdevated tract of 
land which forms one oi the ceaitral water-heads of Europe, near 
the sources ot the Mayu ajid Naab, and between the towns of 
Niireiiberg, llarcuth, and Bamberg. They are in a beVi of lime- 
stone; locally caileii iuihleii kalk (hole limestone), being a variety 
oi t-iie .lura Jimestouc', or younger alpine limestone of the Coii- 
tilHUlt. • 

"1 ills district is lull of caverns, many of wlilch are crowded 
willi bot^es (principally of hears), while otluus are wliolly desti- 
tute ot tln rn ; lint in all, there is an accumulation of diluvial 
scdim(!ut c‘o\a;red idr llie most jvartwith a single crust of stalag- 
mite. 'fijose sel( cted for desca iption are tlie caves of Forster’s 
Hole, liabaiisleiii, Zaliuioch, ( lailcnreuth, and Kiihloch. The 
author has attended partieuidriy to the evidences of diluvial 
action within them all, and finds that in each case the mud and 
pebbles v* erc ;,ii})ounduced upon thf‘ bones of animals which had 
tiled and become accumulated in their dens in the antediluvian 
pt'i’iod V. lien \H]d beasts inlnd/iltal these countries. Forster’s 
11 ole is most remarbtibio for the beau tv of its stalagmite and 
roof*, in (bibenstmn, the lames and mud have been but little 


tlisturbed. ib'om Zalniloeh they liav(» been extracted for centu- 
ri('s, and nstal under tin; name of* bones of the; licoriie, or fossil 
unicorn, for iiiiagiiiarv medical virtues, hi this cave there is a 
block of stone wiiich is j)oiished, a])i>arentW by I’riction from the 
skin iiiul paws of tin* aiilediiiu ian bears. At (Jailenreutli, there 
is an aceuuiulation of ])onv breci ia bO feet deep or more, as the 
bottom has not yet been ptmeiraied ; and in Iviihloch, so great 
a mass of black ainmal earth with bones dispersed through it, 
that, ailowinghwo cubic ieet of matier for t he exuviie of each 
individual, tliis single ('a\o must contain the remaiiis of at least 
2ob() bears, a number wliich may lia\e been supplied in 1000 
ytcars by a mortality of two and a liaif [)er annum. ‘The ca^e in 
W’hicli this singular iua<s is found was probably the lewdest part 
of a largi? ami connected series ot caverns inhabited by bears, 
and int(j which, during successive generations, thd«^animals 
rctircHi to die. "flu; animal matti r covers the entire tlcor to the 
depth of about six fecit, which, being multiplied by the length 
and breadth of the eave, shows the total cjuaiitity to be not less 
than b( >00 cubic I’eet : the bones and teeth dispersed through 


this dust are much decayed, 
dark umber-co'loiued [lovvde 


and readily crumble into the same 
r as tluit w hich forms ilie greg^ter 
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part of the matrix in which they are imbedded. In this cave 
there is no stalagmite, neither are there any pebbles ; its animal 
earth also is 'peculiar, but the author points out in its situation 
and circumstances sulBcient causes to account for these appa- 
rent anomalies. ' 

Professor Buckland concluded this communication with some 
general remarks on the caves in (lermany, among vvhicli were 
the following : 1. The present entrances to them were not their 
original openings, but are only truncated portions of their lowet 
branches laid open by diluvial denudation : 2. The diluvium they 
contain is either loam, sand, or pebbles, but more commonly a 
mixture of all three, through which the bones lie interspersed, 
and the whole mass has oi’teii been indurated into an osseous 
breccia, like that of Gibraltar. 3. The loam has not been ])ro- 
duced by the decay of the ilesh or bones, or of the rock in wliic'h 
the cave exists, but it agrees, in chemical constitiitic/ii, with 
that of the diluvial beds of the adjacent country. 4. Tlie num- 
ber of caves in which any bones at all are found, is compara- 
tively very small, but where they occur it is usually in enormous 
quantities. 5. .Every eireuinstauce tends to evince, thatthe mud, 
pebbles, &c. were washed in by the deluge upon tlie bones 
already existing in the caves : if, on the contrary, all the boiu's 
had been drifted in by the diluviau waters, they would be found 
dispersed in small quaulilies only, and iii numerous caves. 
6. There is only one superhcial crust of stalagmite m any ol‘ the 
caves, and no alternations of mud, pebbles, and bones, but 
simply one confused mass covered l)y a single crust of stalag- 
mite. 7. The identity of the period in which the animals lived 
whose remains occur in eaves, tissures, ajid diluvial gravel or 
loam, is shown by the agreement of the species of animals 
whose remains they contain ; since it appears that the extinct 
hyaena, bear, elephant, and rhinoceros, occur, with many other 
animals, in diluvial gravel beds, as well as in caves ; while tin* 
extinct tiger is found, together with the remains of horses, oxen, 
deer, &c, in fissures and caverns, as well as in supcuficird beds 
of diluvial gravel. The period also in which the animals lived, 
whose remains are found in the lireccia of Gihialthr, is shown to 
be the same /is that in which the hymnas inhabited tlui den at 
Kirkdale, and the bears the caves of Germany, viz. that imme- 
diately preceding the deluge. 8. The author concludes that the 
inundation which destroyed tliese animals was transient and 
universal ; that it also covered the highest mountains ; and that 
it took pfeae at a period which cannot have exceeded a few 
thousand years ago. Totlie*se are added some im[)ortaut exam- 
ples of the effect of the diluviau waters in the excavation oi 
valleys, and of the accumulations of diluvial gravel in Britain, 
and in other parts of the world. 

At this meeting, the reading of tlie following j)aper was also 
cou^menced, and the completion of it postponed to another 
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meoting : — An Account of a Magnetic Balance, and of some 
Experiments on Magnetism recently made with it. By William 
Show 1 larris, Esq. Communicated by the President. 

In consequence of the approaching festival, the Society then 
adjourned ovcf one Thursday, to meet again on the 29tli ot May, 

in N N V. A N SOCIETY. 

Apri/}, licmiarks on a Minute Luminous Insect frequently 
observed in the course of a voyage to India. By Malor-Geii. 
Ilardwicke, FLS. 8cc. 

I his insect, to wlfurh tlie author would not venture to give a 
name, is tlnce linos in length, l)y one and a half in width ; is 
oblong, ovate, depressial, and so thin as to be semitransparent ; 
it consists of nine segnuinis, which are all provided with hairy 
tufts, apparently legs ; the first segment contains the head and 
the thorax. Aftei* be ing taken up from the sen, it remained 
hnninou*s for an hour, in a bucket of salt-water; and, for some 
nhnnl('s, in the luind. Some of the small ciuicri are luminous, 
as well as some of the omsci ; Chen. Ilaidwicke considers that 
tlui insea'i ahovc‘ di;scrilied api)roaches more to the former genus 
than to the latt(‘r one. 

At this uuH'iing, the reading of the following paper was coin» 
nienc>cd : — Comnumtary on the second l^avt of the Hortus 
IMaliiharicus. By Francis llaiuillon. Ml). Sec. 

On April lo, and JSlajj (), the reading of Dr. Hamilton’s 
pa[)er Avas conliimed. 


C I : () I.f ) (> 1 C A I. so C I E T A' . 

l\T(iy 2. — A paper was r('a<l, on the Geology of Upper Canada. 

A notice was ix'ad, on the Discovery ofa large FoSvsil Elephant’s 
Tusk, near ( 'luii inouth, Dorset. By II. T. de la Bcche, Esq. 
i\iGS. 

A paper was naid, entitled, Obsi'rvalions on the Genus 
A<‘tiiioeamax,” By J.^. Miller, Ivsq. AI.S. 

A pa[)(!r was nan!, on the Ihdeiimites ol’ the CHialk and alluvial 
Strata of Norfolk and Sutl'olk, v, it h Notices on their JA)calities, 
and accomjvanying Fossils. iW Richard Taylor, Ivsq. 

Maif ML — A nunnoir was read, on the (Jeology* of Southern 
Pomlirokeshire, from the observations of II. T. ile la B^che, 
I^,sq. FliS. I’LS. !MGS. and tlio Hev. W. D. Conybeare, ERS. 
MGS. &c. Drawn uj) aiul communicated by the former. 

This memoir is accompanied hy a map, and extensive sections 
of the coast. Tlie constituent formations occuiTingTiiT,his dis- 
trict are as follows, beginning with the lowmiuost : 1. Trap. 
2. Grcywacke. 3. Old red sandstone, 4. Carboniferous lime- 
stone. 5. Coal measures. 
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Scieniijic Litelligence* 


[June, 


• Artici^e XIII. 

sciEiNTiric inte£li(; ani> noti(m:s m- subjec ts 

CON NECTED WITH SCI EN( E. 

I. Action of' Phosphorus and IValcr. 

It is H'ell known that wlicii phosphorus is kept in water, the sticks^ 
although at first transparent, are covered with a white opaque crust, 
which eventually becomes of a reddish-yellow colour. 

Wishing to determine the nature of this change and the circum- 
stances by which it is accelerated or retarded, I placed translucent 
sticks of phosphorus in two vials nearly filled with distilled water. One 
of the vials was exposed to day-light, and occasionally to the direct 
rays of the sun* In a few hours, that side of the cylinder of phospho- 
rus which was exposed to tlie light became opaque, and the water 
acquired a peculiar smell. On putting litmus paper into the ^vater, it 
became of a red colour, indicatingthe presence of an acid, and which 
was probably the i)hospborous acid, or a mixture of that and the phos- 
phoric : this I did not determine. 1 now added some of the water to 
solution of nitrate of silver, and another portion to solution of proto- 
nitrate of mercury ; in both' cases, a dark-coloured precipitate was 
formed, which is a well-known characteristic of the prescncre of piios- 
phuretted hydrogen, lly exj)osure to air, the solution loses its power 
of giving a dark-coloured ])recipitate with silver and mercury, owing 
partly to the evaporation of the phosphiiretted hydrogen, and proba- 
bly more to its conversion into phosphoric acid and \vater by absorbing 
oxygen. After nearly a month hacl elapsed, I examined the pieces of 
phosphorus which had been excluded from the auction of the light; the 
water in which they had been immersed was slightly acid, and gave indi- 
cations of the presence of phosjdiuretted hydrogen in a slight dc'grce; 
the action, however, whicli Iiad tal:en place v. so trifling tliat the 
transparency of tlie phosphorus was scarcely at all diininislied. 

P'rom this statement, it is evident, tiiat plu)s])horus has the pow er of 
decomposing w'ater ; that oxide of phosphorus is first formed, and 
eventually phosphorous or phosphoric acid ; and that the hydrogen of 
the water forms phospliuretted hydrogen, with a portion of the phos- 
phorus ; and, lastly, that these effects are much acc;'*lcraled by the 
action of light. — Edit, 

^ II. Phosphate of Uranium. 

In^he Annals for January last, I gave an annl} ? is of the green ura- 
nite from Cornwall, and J stated niy reasons j’or suj)pos:ng the.t the 
uranite from Autun, wliich has the same crystalline form as the 
Cornish, also a phosphate of uranium. Mr. lieukmd liaving had 
the kindness to present me wdth some of tlie hVencIi uranite, I subjected 
it to examination, and found, as I had supposed, that it is a phosphate. 
Joseph Came, J^Lsq. of iliviere, has also been so good as to supply 
me with a new variety of the uranite from Cornwali ; this, instead of 
being crystallized in square plates, and of a green colour, is compose d 
of fibres radiating from a centre ; this I also suhhutted to examination, 
and> found it to be similar to the .specimens above alluded to — Edit. 
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III. Ou Ihe Question as to the Kxlstcncc of Metallic Veins in the Transition 
Jnnicstoiic (>/' Plymouth. the llev. Richard Hen nah. 

(To the Kditor of tli*.* Aitvah of PhUnsophijO 

yiinnouih^ J^fay 13 , 1823 . 

T have liccn prevented by illness and other circunislahces from 
attending so early as I wislied to your note atinexed to my letter, on 
the subject aj metallic veins in the PI if month limestone^ inserted in the 
28th number of the Auuah of VhilosnpJnf, 

I liave railed on h'diniiiKl Moss at ('at-Down this day, not with a 
view t(* remove any doul)t:; on the subject existing in my own mind, 
lor there were none, so lioieh as to satisfy ^'our correspondent on the 
point in (piestion. In answer to iny iiiquirics, lie said, tliat I'e had 
worked in the liine-cpiarries at Cat-Down and the neighbourhood 
ujiwards of M) ytuirs, and had ncv(‘r observed any mineral whatever, or 
<|uartz, in mass in any of them. He recollects, howev’er, selling some 
time ago to a dealer in Pl^mioiith, a few specimens from the lime, and, 
among them, one or two from the victnit 3 ^ of Tavistock ; but that the 
latter wmre totalh' dilfei ent from any thing we had in our quarries. 

I Iiavc also asked several other quarrynien, some of whom have been 
so employ ed for 12 or \o ^ ears, whether tlie^^ ever met with, in their 
workings, any veins of any of the metals, or quartz in quantity among 
the limestone of l^Iymonth ? To wdiich thcif have invariablif unstoeredf 
Soy and stemed to wonder at mij ashinp; stxh a quest ion^ as at a thing 
never lieard of, 

I shall feel obliged, therefore, by your insi?rting tbe above, not only 
lor tb(' purpose of satisfying your correspondent, but because it may 
also be not muicci ptable to your mnneroiis readers in general. 

1 remain, Sir, ^mur obi dient servant, 

Richakd IIennah. 


A11TICT.K XIV. ’ 

m:\v scientific books. 

^ rUFFAllING ion PlinMCATIOX. 

Mr. E. W. Brajlc}’^, Jun. is preparing a work on The Natural 
History of Meteorites, or of those remarkable masses 'of iron and of 
earthy and metallic compounds, which, at different periods, have Tallen 
from the atmosphere, as well in England, as ;n many other countries ; 
including remarks on their probable origin. \\ itb a Historical Intro- 
duction, sliowing that tbe worship ot them was widely prevalent in 
former ages, and that it still continues in certain Pagan qjsfcr/itrics ; and 
an Appendix of Tables, «?v:c. In 1 vol. i2mo. illustrated by Plates and 
Diagrams. 

jAlr. J. F. Daniell has in the press a volume of Meteorological 

h:ssays. ' ... r.. 1 1 

Mr. I^itrick S^mic^is preparing a work on British Song Birds, to be 

illustrated with 15 coloured Engravings. 
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. A New Edition of Dr, Gordon’s Forensic Medicine, which will con- 
tain an accession of much valuable matter. 

Another Edition also of Mr. T. Peckston’s work on Gas-Ligliting 
will shortly appear, and will contain several alterations, and consider- 
able additions, , 

Mr. T. 7'redgold is about to publish an Essay on the Principles and 
Practice of Heating by Steam. 

Illustrations of the Mode of maintaining Health, curing Diseases, 
and protracting I^ongcvity, by Dr. Forster, will shortly be published. 

In the press. Practical Ilemarks on Fractures at tlic upper I^art of 
the Tliigh, and particularly Fractures within the Capsular Ligament, 
by Mr. Earle. 

Mr. K. Meikleham has in the press, A Practical 'freatise on the 
various IMethods of heating Buildings >>y J^^tcain, Hot Air, Stoves, and 
open Fires. 

JUST P'JIUJSIIFI). 

IMcdical Jurisprudence, comprehending IMcdical, Clicmical, Anato- 
mical, and *Snrgical Invcstigatioiis applicable to I'orciisic Practice; lor 
the Instruction and Guidance of Coroners, itlagi.strates, Barristers, and 
iMedical Witnesses, \^'ith a cojnous Appendix of Statutes, Ceases, and 
Decisions. By John Ayrton l^arls, ]MD. FKS. FLvS. and John Fon- 
blanquc, Esq. Barrister- at-I..aw. 3 Vols. 8vo. 1/. IG.;?. 

The (jcography and History of America and the West Indies; exhi- 
biting a correct Account of the Discovery, Settlement, and i’logrcss, 
of the various Kingdoms, States, and Provinces of the Western Hemi- 
sphere, to the Year 18^22. Illustrated by scweral coloured IMaps, 
Charts, and Views. Svo. IS.v, 

An Exposition of the Priiunples of Pathology, and of the Treatment 
of Diseases, By Daniel Pn'ng, MD. 8vo. I H. Boards. 

Elements of Pliarmacjs and of the Chemical History of the iMateria 
Aledica. By Samuel Freddie Gray, Lecturer on the Alateria Aledica, 
&c. 8vo. JO.v. Boards. 


Autict.e XV. 

xi<:\v iwTK.vrs. 

P. Cliell, of l’"arle\s-court, Keir'ington, Middlesex, engineer, for 
certain improvements on macl)incry for drawing, roving, mid .sjiinning 
hemp^ flax, and waste silk.— l’'eb. 18. 

A. Applegath, of Duke-strcf’t, Stamfurd-strect, Blackfriars, tSurre}^, 
printer, f<jr certain improvements in printing machines. — Feb. 18. 

T. Bury, of Salford, Manchester, dyer, ibr improvements in dyeing 
or producRT^a permanent nankeen colour on cotton, wool, skein-yarn, 
and certain other articles. — Feb. 18. 

F. Deakin, of Birmingham, sword-maker, for inqirovcmenis in piano- 
fortes, and other stringed iiislrumeiits. — Feb. 18. 

W. Church, of Nelson-square, Surrey, gentleman, for an improved 
apparatus for piinting, to he used by type, block, or plate printers. — 
Feb. 18. 
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Article XVI. 

METEOROLOGICAL TABLE. 


B A ItOMETF.il, 
M’iiid. Max. | iMin. 

Tn EflMOMETF.a, 
IMax. < JMin. 

Kvap. 

Danieirs hyg. 
Rain. at noon. 

4th Mon. 

1 



• 


April 1 S 

W| 30-1 029-80 

66 

46 




Wj2.9-90 29-sO 

56* 

39 

— 

02 

3 

\V I29 90 2<) 54 

62 

44 

— 

15 

4^N 

w:2‘) 51 29- 18 

54 

43 

— 

22 

5'K 

w!29“2;)‘29-18 

55 


— 

35 

(kN 

j 

Wj2.9-S3 2<)-29 

47 

40 

— 

18 

7 1 

N 1 29-98 29' 83 

53 

30 

_ 

07 

S N 

I229 98,29-93 

51 

38 

_ 

«)N 

E'30 21 29 93' 

50* 

31 



10| 

E ;30'32 30-21 

5.i 

^29 

— 


** 

E ; 30 -30 30-28 

36* 

25 

•81 



F. 30-28 30-23 

40 

30 

— 


1 j!n 

E 30-23 30-22 

50 

>9 

_ 


14 

E 30-45 30-22 

32 

39 



15 Var. 30-1 O', 30-2.4 

50* 

35 



16 

w 302930-10 

56 

46 

— 

02 

17iN 

W 30-10,29-75 

()4 

40 

— 


ISiN 

AV 2.9-75; 29 O0 

55 

33 

— 

— 

1.9iN 

'W 30 01 129-02 

50 , 

28* 

_ 

05 

2ojN 

W 30-07 '30-01 

50 I 

35 

— 


21 S 

W 30 0O29-93 

50 j 

28 , 

•82 


‘22; 

E 29-93'29-54 

0*0 

39 

— 


■23} 

E 2905'29-4O 

0*0 

42 

— 

24 

24! Sf 

E 29-‘)9 29-05 

55 

30 

— 


25;s 

W 29-99 29-84 

55 ^ 

44 


03 

20|S 

E;30-1o'29-S4 

53 

36 

— 

48 . 

27 

E 30-28 30-10 

54 

27 

— 


28 

W 30-33 30-28 

53 1 

34 

— 


‘2.9jNr 

K 30-33,30-35 

00 

30 

— 


3o;s 

E 30-53.30-49 

i ! — 

0*5 

30 

•72 



i30-53!29-18 

6*6* 

27 

2*35 

1-81. 


TIic oliscrvations in each line of the table apply a period of twenty-four hours^ 
hej;inning at i> A. M. tin the thiy indicated in the fir«t ctdiuun. A da#h denotes Uiat 
the result is included in tlie next following observation. 
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REMARKS. 


'fourth Montn * — I. Fine. 2. Cloudy: windy. 3. 31orning fine: rain in tl>c 
eTeniog. 4, 5. Rainy. 6. Cloudy. 7. JShowery. 8. (’loiidy. 9 — 11. Fine. 
12, 13, Cloudy. 14. Cloudy: a few drop8 of rain. 15, 16. Cloudy. 17. Fine. 

18. Fine: a shower of hail about noon. 19. Fine: a shower of hail about four, p.in. 

20. Fine; wind cold. 21, 22. Fine. 23. Cloudy. 24, 25. Fine. 26. Rainy. 

27. Fine. 28. White frost in tlic morning. 29. Fine, oO. White frost, with fog in 

the morning. 


RKSULT?. 

Winds ; N, 1 ; NE, 7 ; E, 5 ; SE, 2 ; 1 ; 2 ; N^C, 8 ; Var. 1 . 


Barometer : Mean height 

For the montli 29*982 inches. 

For the lunar period, ending tlie 3d . ; 29*961 

For ! 1 days, ending the 8th (moon south) . 29*900 

For 13 days, ending the 21st (moon north) , ........ 30*1 10 

Thermometer: Mean heiglit 

For the month 45*483'^ 

For the lunar period •i2*266 

For 31 days, the sun in Aries 45*096 • 

<1 

Evaporation#^ 2*35 in. 

Rain 1*8 1 


Laboratory y Stratford^ fifth Mouthy 24, 1823. 


R. aOWARO. 



INDEX 


JIRA HAM, ]Mr. J. If. notice of his 
paper, entitled, “■ Pnictical Oh- 
scrvati<ins on the Communication and 
ronecntratioTi of the jAIagnctie. In- 
rtnenec,’' 15"i. 

^Vrids, increased action of, upon alloys, 
cause of, 'jOo. 

— - in mineral substances, on the dis- 
roNj^*ry of, ‘IS 1. 

siiljduiric, its action upon iiidii^o, 

ss. 

iVfl iea, coast of, ohservafion.> on the wea-» 
thcT, on, ;h)0. 

A^ricola, on a minerah'^dcal work of, !>15. 

Alkanctasa test, on, .'ilUi. 

-Alkohomctric:'! ap])lieation of t’le ther- 
moi\ict(T, 

Alloys of steel, on the, 19’). 

^Vl])s, geology of, 1 1 — saliferous series of, 
tllT) — on Jlannil)ars passage through 
tlie, I<).S\ 

Alum, auimoniacal, comp.'sition of, 409. 

Anmu)nia, muriate of, its existence in 
sea water, ‘^01. 

Analysis of indigo, 87 — uranite of Corn- 
wall, 57 ultimate, of animal and vege- 
table substances, on tlie, ‘145. 

Arseniate of potash, crystalline form of, 
InO. 

Attraction, chemical, general remarks on, 

Aurora Ilou-alis, observations on, 888. 


« JC 

Waltic, coasts of, tlistrihution of the car- 
bon ifenuis series of, 188 — saliferous se- 
ries of, I 

Ikirium and strontium, sulphates of, on 
tlie^ means of distinguishing between, 
859. 

Harlow, Prof, analysis of his essay on 
magnetic alt.racuons, 'lo8. 

llavon von Schlctheim, account of fossd 
bones, 17, 

Hauer, 51 r. account of the vibrio tritici. 

Hay snlt, examination of, Vfi?. 

Hcaufoy, Col. nstrc4iomical ohservatums, 


112, 178, 260, 314, 152— summary of 
meteorological tabic kept at Bushev 
Heath, during 1822,*! 12. 

Hell, 5ir, Charles, notice of his paper on 
the motions of the eye, &c. 89 1 . 

Higsby, Dr. notice of his paper on the 
geography aiuf geology of Lake Huron, 
807. 

Hlood, serum of, on the presence of oil in, 
197. • 

Hodics, gaseous, on, 250. 

l*olicmia, mountains of, geology of, 14. 

Hor.es, accumulation of, in the caves of the 
vale of Pickering, lAc. on tlie, 127. 

human, fossil, recently found in 

(rennany, 17 . 

Hon.>dorf, analysis of rnalacolite, 225. 

Hooks, new siientitic, 77, 157, 287,819, 
897, 471. 

Hvisbane, Sir T. notice of his communica- 
tion respecting Air. Rumker’s observa- 
tioM.s ituule at the observatory at Para- 
mat 'i, ^c. 288. 

Hrooke, H. J. on the crystalline form of 
some new minerals, 881 — on tlic crys- 
talline form of artificial salts, M9. 

Buckland, J'rof. accumulation of bones 
ill the caves of the vale of Pickering, 
127 — notice of his paper on the 
lauies discovered in caves in various 
parts of England, 4()G, 


C. 

Carbonate of exists in sca-water, 
209. 

Carboniferous series, description of what 
is included in the term, M8— distribu- 
tioii of, 1 88 — of the coasts of the Baltic, 
I.UH — of Scotland, 188— of Ireland, 
I ‘P)_of England, 180 — of France, 140 
— Northern F.iifiTe,"* Netherlands, and 
(Jermany, 142. 

Carburetted hydrogen gas and gunpowder, 
experiments on the comparative explo- 
sive force of, 4 1 6. 

Carpathian mountains, geology of, 15. 

( aucasus, range of, geology of, 1 6, 
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Judex. 


Cerulin, properties of, 92— constitution 
of, 93. 

Ceruleo-sulphatc of po^asli, properties of, 

90. 

Chemical attraction, general remarks 
upon, 255. 

China, on the analysis of the tiitcnag and 
white copper of, 237. 

ChloTopal, account of a new mineral so 
called, 313. 

Chromium and steel, alloy of, 207. 

Clay-slate for road-making, composition 
of, 410. 

Cloavelandite, a new mineral, description 
of, 381. 

Clift, Mr. notice of liis dcscrii^tion of the 
bones found in the caves at Orcston, 
233. 

Coal and porphyry of the Tlmringerwalde, 
]47— .of Saxony, 147 — Bohemia, &c, 

148. 

— — district, ISIoravian, I 18. 

of Hungary, 149 — of Russia, 149. 

. quantity of, consumed weekly in the 
copper works at Swansea, 

Cohesion, action of, in chemical attrac- 
tion, 257. 

Composition, chemical, of those minerals 
which possess the same form as pyrox- 
ene, 223, 259. 

Compressibility of water, on the, 53. 

Compression and heat, rcsidts obtained by 
their action on certain lliiids, 290. 

Congreve, Sir W. observations on gas- 
light establishments, and experiments 
to determine the comparative oxjdosive 
force of carburetted hydrogen gas and 
gunpowder, 410. 

Construction of harbours, essays on, 

182. 

Conybcarc, Rev. J. J, queries on the 
plumbago found in gas retorts, — ex- 

amination of iiiumia, 124 — on the geo- 
logy of Cornwall and Devon, 184 — on 
hatchetine, 190. 

W. D. JMcmoir illus- 
trative of a general geological map of 

, the principal mount»Tin chains in Ku- 
rope, 1, 135, 210, 278, 350. 

Copper, quantity of, r(used in England, 
124. 

— — smeUing, an account of the pro- 

cess of, as conducted at the llafod Cop- 
per Works, 113. 

Cornwall, quantity of copper raised in, 

124. 

Crichton, Mr. J. on a new and easy me- 
thod of ascertaining the degree of tem- 
perature at which water is at its maxi- 
mum density, 401. 

Cium, Mr. W. experiments and ohserva- 
rions on indigo, 81. 

Crystalline form of ice, on the, 340. 


Crystfilf}, on the state of water and aeri- 
form matter found in, 43. 

Cubebs, oil t)f, crystals deposited from, 

450. 

Cumberland, (r. Esq. on the origin of 
bones in the caves of the va^c of Picker- 
ing, in Yorkshire, and other places, 1 27 
— on a mineralogical work of Agricola, 
315 . 

Cumming, Rev. J. on the development of 
electromagnetism by heat, 427. 


1 ). 

Davenport, IMr. account of a meteor seen 
by him, 2.35. 

Davis, i. F. I'^sq. notice of his paper on 
the C7nnesc year, 140. 

Davy, 8ir II. notice of his paper on elec- 
tromagnetism, 303 — on the stjjtc of 
water and aeriform matter in c'..vitics 
found in certain crystals, 43 — notice 
of his paper on the a])plication of liqui<ls 
produced by the condensation of gases, 
&c. 4til. 

Daubeny, J’rof. notice of his paper on 
rocks that contain magnesia, 151 — no- 
tice of liis paper illustrative of the strata 
cut through in tlte Seven Rakes 5line, 
near 5I:itloek, .307. 

Density, maxinnim of water, method of 
ascertaining, 401. 

Dqvon and Cornwall, geology of, 181. 


i:. 

FdmonsUm, II. Ksq. memoir on the pro- 
bable situation and pr()sj>ccts (»f tlie ex- 
pedition under C.'ipt. Parry, ! 02. 

Edwin, Mr, on the depression of the baro- 
meter in Dec. 1 821 , 3 1 I . 

Egg, experiments on tlie changes which 
occur in the fixed principles of, during 
incubation, 101. 

saline contents of the recent, 102, 

analysis of the shell of,* 105. 

Elasticity, action of, in chemical attrac- 
tion, 257. 

Elertromagnrtic experiment, 155, 

Electromagnetism, its development by 
heat, 427. 

Emmett, Rev. J. B. rescarclies into the 
inathematu'ul princij)les of chemical 
pliilosophy, 213. 

England, carboniferous scries of, 1,39. 

geology of, 5. 

quantity of copper raised in, 

121 . 

saliferous series of, 212. 

Ether, space and pressure under’ which it 
may be redticcd to vapour, 293. 
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F, 


Faraday, JNfr. enumeration of the gases 
rendered fluid by him, 309— notice of 
liis paper on fluid chlorine, 304 — notice 
of Ills paper im the condensation of se- 
veral gases into liquids, 393 — on the 
temperature produced by the condensa- 
tion of vapour, 74. 

Farey, iVIr. on the iinconformaldc position 
of the Fontefraet rock of sandstone with 
rc'sjiect to tlic subjacent coal measures, 
on the A shmolcaii catalogue 
of extraneous fossils, 378. 

Finland, geology of, 4. 

Fovchhammer, J )r. on a salt composed of 
suljihuric acid, peroxide <if iron, and 
ammonia, 40d. 

Fossil btnies, human, recently found in 
(ierniany, 17. 

Fossils, extraneous, on the iVshmedean ca- 
talr^iie of, 378. 

Fothevgillian ])ri/.e medal, subjects ]mj- 
posed for, 390. 

Fourier, JM. account of clectromagnclic 
cxjierimeuts made by him and Oer- 
sted, 439. 

France, carboniferous series of, 140, 14ii, 
north western, geology of^ 7. 
valiferous series of, yl4. 

Franklin, C'apt. Tiotice id' Ins narrative of a 
journey to tlie shores of ilie l*oIar Sea, 
3s7. 

Fra/er, J. 11. lCs(|. notice of his pa])er on 
the geology of some paits of ^Vrahia, 
and some islands in the IV'rsian tiulph, 

I.jI. 




at the apartments of the Royal Geologi. 
cal Society of Cornwall, ^67. 

Cold and steel, alloys of, t^07- 
Goldinghain, J. FSiq. notice of his paper 
on the velocity and force of sound, 3(X). 
Ounpov^er and carbu retted hydrogen gas, 
cxperinneiUH on the ci^nparative explo- 
sive force of, 4 1 6. 


H. 


Hannibal’s passage through the Alps, on, 
193. 

Harbours, essays on tl^c constiuciion of. 


Jlardwicke, iMajor-Uen. T. notice of his 
paper on a tail -less deer, 1 53. 

Hare, Dr. on alkanct as a test, 396. 

Hart/, geology of, 10. 
llalchetine, on, 190. 

Heat and compression, results obtained 
by their action on certain fluids, ^90. • 

Hciknbcrgite, analysis of, 21?6. 

Height of the barometer, on the, 376. 
licnnab, Xlev. 11. on the question as to the 
cxi'itcnce of mineral veins in the transi- 
tion limestone of Plymouth, 310, 470, 
IIis>inger, M.ai\alysis of malacolite, 2'25. 
lloiue. Sir E. on the memhrana tympani 
of man and the elephant, 08 — notice of 
his paj)er on the double organs of gene- 
ration in the lamprey, •See. 30*5?. 

Howard, Mr. R. meteorological table, 79, 
159., '^39, 319,399,473. 

Humho'dite, a new mineral, description 
of, 130. 

Hungary, coal of, 1 19. 

. — limestones of, 2S9, 

— . saliferous series of, yi7. 


(Jus, oil, cstahlishmeuts, on tlic advan- 
tages of, ^2 1 8. 

— expense of, 219, 

retorts, on plumbago found in thetii, 

50. 

-- - from coal and oil, comparative cost 

of light oblftincd from, 4 4^5. 

— light ostablislmicms, observations 
n)n, 411. 

Caseous bodies, on, 250, 

Cases, condensation of, into liquids, notice 
of, 393. 

ecological map of the principal mouiUaiji 
chains in Europe, I, 135, 210, 27.8, 
35(». 

Society, proceedings of, 70, 

15 ?, 395,409. 

<»eology of Devon and Cornwall, 181. 

(•eniiany, carboniferous scries of, 142* 

^ central, limestone of, 286. 

— . saliferous series of, 216. 

Ciddy, E. C, 51 r. nffctcorolugical results, 
deduced from diuniul observations kept 


r. 

Jack, Dr. notice of his paper on lansiuni, 
and other 5Ialayan plants, 305, 

Ice, on the crystalline form of, 340. 

Ignition, galvanic, of charcoal, 314. 

Indigo, action of sulphuric acid on, 88. 

experimems and observations 
iq>on, HI, 

suldimed, properties of, 85. 

. - ultimate constituents of, 87. 

Ireland, carboniferous series of, 139. 

- geology of, 5. 

^ sidiferous scries of, 212. 

r-' 

K. 

Kelly, Capt. on the temperature of the 
C-oiist of Africa, iScc. 300. 

Kostritz, fossil hones discovered in the vi- 
cinity of, 17. 
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U 

liftttilyton, Col. 'W, on corrections applied 
to the great meridiortkl arc, 1 51. 
liotiobite, description of, ^^^3. 

I^uder^ Sir T. D. on tlie analys/s of tii- 
. . tenag, and whj^e copper of China, 237. 
Levy, M. description of the turncrite, a 
new mineral by, 241 — on the crystalline 
fonn of the humboldite, 1 30. 

Ught from coal and oil gas, coin])arative 
^5X>8tof, 425. 

Lime, carbonate of, exists in sea-wutcr, 
260. 

■ '■ muriate of, does not exist in sea- 
water, 260. 

Limestone, alpine, description of, 211. 

Plymouth, existence of nietallic 
veins in, 150. 

• • of Hungary, 280. 

Linnean Society, proceedings of, GO, 1 5.3, 

S05, 469. 

' Liquid, on tlie construction of, 24.3. 
Longmire, Mr. on the construction of har- 
bours, 1 82-— on Reaumur's cxpeiimcnts 
. on the congelation of the metaJs, :il3. 


M. 

Mac CuUoch, Dr. on the separation of 

. .plumbago from cast-iron, 75. 

Macdonald, Mr. on magnetism, 2.31 . 

M^Kaover, Dr. on Hannibal's passage 
through the Alps, 10.3. 

Mac Leay, Mr. 8. on insects and fungi, 
69. 

Malacolite, analysis of, 224. 

Manganese, red silicate of, analysis of, 
250. 

Mantell, G. Esq. on the beils of limestone 
and clay of tlie iron .sand of 8'issex, 
306. 

Map, geological, of the principal moun- 
tain chains in Europe, 1, 135, 210, 

' 278, .356. 

Marcet, Dr. on the saline contents of sea- 
water, 261. 

Mercury does not exist in sea-water, 2()3. 

jp*tal «9 congelation of, / emarks on, .343. 

Meteor, account of a splendid one, 235. 

Meteor<dogi'cal tables kept at New iMalton, 
191. 

. X — — — » the Royal 

Geological Society, Cornwall, 267. 

- Stratford, 7 9, 
W, 239, .319,3?/^, 473. 

Miliar, J. S. Esq. on the heleinnite, .307. 

Mines, on the temperature of, 34. 

Moravian coal district, 148. 

Motoitahis of Dohemia, geology of, 1 4. 

. X , K Carpathian, geohjgy of, 15. 

\ , * Uiai, geology of, 1 6. 

Moyle, M. P, Ksq. n)etCGt'ological regis- 


ter kept by, 174 — on the temperatureof 
mines, 4.3 — on the height of tlie baro- 
meter, .37 6. 

Mumia, examination of, 124. 

Muriate of ammonia, exists in sea-water, 

264. 

lime docs not exist in .sea-water. 

266. 

IVIultiplier, electromagnetic, description 
of, and experiments with it, 430. 


N. 

Netherlands, carboniferous series of, 142. 
Nitrate of soda, crystalline fc.rni of, 4.52. 
Nitrates do not exist in sea-water, 206. 
Nordeuskiold, 51. analysis of pyroxene, 
226. 

Norman Isles, geology of, 7. 


O. 

Observations, astronomical, 112, 1 <3,'i00, 
344. 

Oersted, Prof, on the compressibility of 
water, 53 — electromagnetic experiment 
by, 15.5 — on Schweigger’s electromag- 
netic multiplier, 436, 

Oil gas cstablishmeiitK, on the advantages 
of, 218. 

Oolitic system, llpj)cr, 5Iiddle, I^ower, 
strata of which it consists. 2SI . 

Ores oceuning in the votl * todiliegende, 
enumerutioT- of, 210. 

P. 

I’arry, (lapt.on tlie prohahlc situation and 
prospects of tlie expttlilioii under him, 

1 02 . 

Patents, new, 7S, 158, SJS, .318, .30 
472. 

Pepe, X*rof. von, extraordinary analysis of 
the ashes ejected from \'esuvius, 2.3(-. 

Pepys, W, H. Esq. on an *aj)paratiis for 
electromagnetic e.xperiments, .302. 

Pctrefaciion.s, occurring on the rolhetodt- 
liegcnde, 2 i 0. 

Phcnicin, properties of, 07. 

Philli]}s, Sir, It. analysis of uranite from 
i.'ornwull, 57 - analysis of the native 
sulphate of iron and aluntina, 44ti — 
on the action of phosphorus and water, 
470 — on phosphate of uranium, 470, 

Phosphate of uranium, compo.sition tif, 
,59. 

Phosphorus and water, action of, 470. 

Phthisis pulnionalis, on the practi ’ability 
of an operation for, 429. 

Platina and steel, alloy of, 202. 

Pluuibugo found in gas letorls, on, 50. 
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Plumbago, separation of, from cast-iron, 
75 . 

Potash, ccrulco-sulphate of, properties of, 
90. 

and magnesia, sulphate of, exists 
in sSa-water, 

and soda, tartrate of, crystalline 
form of, 45 1 . 

chlorate of, crystalline form of, 

451. 

Prideavix, Mr. on the existence of metallic 
veins in the transition limestone of Ply- 
mouth, SIO. 

Prout, Dr. on tlie changes which take 
place in the fixed principles of the egg 
during incubation, 101. 

Pyrennees, geology of, 8. 

Pyroxene from Pargas, analysis of, 226. 

with lime and peroxide of man- 
ganese as bases, 259. 


R. 

Reaumur, remarks on his experiments on 
the congclatiou of the metals, 34M. 

Remains, organic, of the alpine limestone, 

211 . 

Ricardo, 51. Ksej. on the advantages of oil 
gas establishments, 218. 

Rocks from Van Dieman’s land, account 
of some specimens (if, .‘14 1 . 

Rose, 51. on the ebeuneal composition of 
tlmse minerids v/hieh posse- s tlie same 
foni’ as pyroxene, 22‘f, 25M, 

Rothetodtliegende, eharacteristics of, 210. 
remarks on, 2v89. 

Royal Society, prticeedings of, 02, 149, 
2.11, aOO, :191, 461. 

Russia, coal of, 149. 

- lias of, 289. 
saliferous series of, 217. 


S. 

Sahlite, green, analysis of, 227. 

Saliferous .'^ries, rocks included in it, 210. 
Salt, hay, examination of, 262. 

?^andstone, Pontefract rock of, on, 270. 
Saxony, district of, coal and jwrphyry of, 

147. 

Scandinavia, geology of, 4, 

Schlotheim, Baron von, account of fo.ssil 
bones, 17. 

Scotland, geology of, 5. 

Scudamore, Dr. on tlic evolution of heat 
during the congelation of the blood, .‘i02. 
Sea-water, on tlie saline contents of, 261. 
Selde gabellc, examination of, 262. 

Scric% saliferous, rocks included in it, 2 10, 
Shell (*f the egg, analysis of, 105. 

Silesian, lJp))er poJ^hyry and coal district, 

148. 


SiHcatc, red, of manganese, analysis ol^ 
259. 

Silver and steel, alloy of, 20t, 

Smithson, J. £sq.*on the crystalline form 
of ice, 840 — on the means of distin- 
guisHIng between the sulphates of ba- 
rium and strontium, •959—- on the dis- 
covery of acids in mineral substances, 
884. 

Society, astronomical, proceedings of, 308, 
895. 

Geological, proceedings of, ZOy 
158,395, 4i»9. 

-- Royal, of Cornwall, 

proceedings of, 7 1 . , 

Linnean, proceedings of, 69, 153, 
805, 469. 

- Royal, proceedings of, 62, 149, 
281, 800, 391.461. 

Soda, nitrate of, crystalline form of, 452* 

Sowerby, 51 r. notice of the re-opcuing of 
his museum, 809. 

Steel, on the alloys of, 199. ' 

Stockton, 51 r, J. meteorological table 
kept by, 191. 

Stodart and Faraday, 5IM » on the allo)^i 
of steel, 1 99. 

Stokes, 5Ir. on clay-slate for road-making, 
410. 

Strangways, Hon. 4V. T. H. on the geo- 
logy of Hungary, 158, 

Sidphate of iron and ammonia, description 
of a salt composed of, 406. 

— -- ' alumina, native, ana- 

lysis of, 446, 

strontium and barium, on 
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